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Tendons are notorious for their slow healing rate. The objective of the study 
is to investigate the alternative exogenous method of electromagnetic and magnetic 
field therapy at the cellular levels and on the healing process of tendon inflammation 
in the initial four weeks of healing. The following parameters were studied : the 
histological assessment and the immuno-chemical staining of the tissue sections. 
Morphometric counting of the inflammatory cell --- macrophage was analyzed. 
Further the biochemical assessments of the total water content and the total collagen 
content were investigated. The parallel investigations formed an integrated study to 
provide a more comprehensive picture on tendon inflammation. Achilles tendon of 
male Sprague-Dawley rat weighing approximately 500 grams were chosen. The 
tendoachilles were injured by a falling weight of 98.24 gram from a height of 35 cm. 
Pulsed electromagentic field (PEMF) of 27.12MHz of pulse width 400 |isec with 
modulation frequencies of 46Hz and 15Hz were used. A mean power of about 12.9 
Watt and 3.6 Watt was chosen for 46Hz and 15Hz respectively. A quasi-sinusoidal 
rectified waveform of pulsed magnetic field (PMF) of 17Hz and 50Hz signal of 
intensity of 4.95 mT were chosen for comparison. Totally there were five groups 
named as the control, 46Hz and 15Hz groups of PEMF and 50Hz and 17Hz groups 
ofPMF. 
Two-way ANOVA results showed that both time and time-frequency 
interaction were dominant and significant factors (p<0.05) in influencing the above 
parameters, the treatment frequency was a significant determinant (p<0.05) for the 
water content only and insignificant for the macrophage infiltrate and collagen 
content assay. The application of Dunnett pairwise comparison test for all the 
parameters however was not significant (p>0.05) against the control for all the 
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treatment groups. Yet at this stage the data does not confirm use of field therapy 
clinically. If the first data series for the first 2 hrs. post exposure / injury was 
eliminated, PMF 17Hz demonstrated a significant effect (p<0.05) for the water 
content parameter. Though not conclusive enough it was the group which produced 
quite consistent trend in enhancing collagen production and in suppressing edema 
formation. At the end point of the study period, there was no longer inflammation 
and the sections were normalizing. In the trend the control group was found to be 
the least effective group in inflammation resolution and in enhancing the recovery of 
the injured tendons. It was found that different frequencies may act selectively on 
certain parameters in different phases of inflammation, e.g. acute edema may be 
tackled by PMF 50Hz; PEMF 46Hz is recommended for future research in sub-acute 
and late inflammation; PMF 17Hz may have potential role in tendon inflammation 
and healing process and PEMF 15Hz may be considered for decreasing collagen 
degradation in future study. Henceforth different frequency combinations could be 




1.1 Electromagnetic / Magnetic field in biological interventions 
Endogenous electric fields and currents are present within all organisms and 
they play a role in the complex mechanisms of physiological control such as tissue 
growth and repair and neural and neuromuscular activity. Injury to tissues of living 
organisms result in a complex series of tissue specific biochemical, cellular and 
biomechanical events. Any events that could selectively induce electrical changes in 
the micro-environment around and within the cells appear to modify the healing 
process. Biological structures at all levels of organization have electric dipoles and 
therefore, in principle, can be affected by an electric field. Magnetic fields pass 
through the body as if they were transparent, but induce currents which flow in 
circuitous paths. This provides an insight on the possibility of electromagnetic and 
magnetic field therapy on biological interventions. 
Actually non ionizing electromagnetic radiation covers a wide spectrum of 
waves, it is normally concerned with the frequency band centered on 27.12 
megahertz (MHz) which is an internationally recognized range of frequencies used 
for therapeutic means other than for communication purposes 1. Electrical fields are 
parallel to the flow of current and proportional to voltage whereas magnetic fields 
are perpendicular to the flow of current and proportional to amperage. Electrical 
fields are strongly affected by environment and can be attenuated by objects 
interposed between the source and the point of measurement. The permeability of 
biological systems is similar to air, so magnetic fields are attenuated by very little 
other than rather massive ferromagnetic structures. 
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Short wave diathermy (SWD) is the common therapeutic modality used by 
physiotherapists to generate pulsed electromagnetic field (PEMF). In 1950's, the first 
pulsed shortwave apparatus---Diapulse was developed in USA. Its concept was to 
avoid the thermal effect caused by continuous SWD. It was based on the claim that 
beneficial effects can be attributed to the electric and / or magnetic fields produced, 
independent of any heating effect. According to Bassett^, biological responses to 
PEMFs can be considered athermal because the energy expended in tissue is in the 
range of 10-10 W/ mm^ which will only modify local temperature by < 0.0010 C. 
A pulsed magnetic field (PMF) machine was included in the study as well 
because in the tissues neither the electric, E field nor magnetic, H field exists purely 
in isolation. With any changing E field a H field exists simultaneously and vice versa. 
Magnetic field therapy is not new and it was even prescribed for Queen Elizabeth I 
of England by her physician William Gilbert of Colchester in 1600. Chinese 
conducted magneto-therapy according to acupuncture points and meridians^ and 
their mysterious 'Fungshi' was ascribed in relations to meridians of terrestrial 
magnetism. Recently magnetic mattresses and necklaces are gaining popularity. 
Today there are numerous and diverse applications of time-varying magnetic fields in 
medical research and clinical practice. 
Considerable research on clinical electrical stimulation followed investigation 
of naturally produced cu r ren t s2，4 . Both PEMF and PMF have been used widely for 
treatments of connective tissue injuries recently. Many retrospective studies found 
their usage in large numbers of salvage cases of ununited fractures and failed 
arthrodeses. Studies also indicated that electromagnetic stimulation had anti-
inflammatory applications^, matrix synthesis in the soft tissues may be modified^ and 
there was a change in differential cell c o u n t ? as well. Actually the first investigator 
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to propose that natural electrical fields might influence soft tissue growth was Albert 
Mathews. In 1903，he discovered potential gradients along the surface of 
regenerating hydroid. E. J.Lund performed significant and influential early 
investigations of electrical fields and biological development since 1921. Becker^ 
and Bassett et al^ aroused interest again in late 1950s and the early 1960s by 
studying bioelectric fields with amphibian limb regeneration and bone dynamics. 
Recently people are more concerned with the effect of electromagnetic / 
magnetic field on health, say the possible carcinogenic effect of the mobile phones on 
the users and the relations of the electronic game player with the episodes of 
epilepsy. Researchers are also concerned that the electromagnetic contamination of 
the environment which may have an adverse effect on human life. The geomagnetic 
field is about 0.5 gauss and relatively stable. However humans are more exposed to 
magnetic and electric fields than previous centuries, say MRI is used for lots of soft 
tissue diagnosis and more electrical appliances are used in the modern family. 
Epidemiological studies are important for establishing guidelines for human, but 
more work needs to be done at the cellular and subcellular levels to elucidate 
interactive mechanisms. It is not surprising that questions have arisen concerning 
possible effects on the biological systems. Many investigators studied the topics from 
behavioral, neurobiological and brain research disciplines etc. 
3 
1.2 Objective of the study 
In the present study the issue of electromagnetic and magnetic fields on soft 
tissue inflammation was addressed. Inflammation aims at the restoration of normal 
biological function and it is perceived as an attempt to repair tissues injured by 
trauma, infection or foreign antigens. Tendons are notorious for their slow healing 
rate. If healing can be enhanced the chance of getting muscle atrophy, ulceration of 
joint cartilage, adhesions and osteoarthritis can be minimized. When inflammation 
occurs, it is followed by a complex series of events resulting in cellular and vascular 
alterations. It was intended in this research to study the basic science of PEMF and 
PMF on tendon inflammatory process and to investigate how they modify the 
biomedical processes. The effects of electromagnetic and magnetic fields at the 
cellular levels and the process of inflammation in the initial four weeks of healing of 
the rat Achilles tendon were studied. 
Ippolito^ investigated the normal rabbit Achilles tendon at various ages from 
three aspects. They were respectively the morphological, immunochemical and 
biochemical approaches. Similar approaches were adopted but slightly different 
indicators were employed in the present research and the tendon inflammatory 
process in relation to the field therapies was emphasized, i.e. the tendon 
inflammation was addressed from both cellular and biochemical dimensions. This 
was a bit different from the usual studies in which the practical exogenous methods 
of PEMF / PMF are used to study part of the picture in soft tissue inflammation 
only. In the study, an experiment was set up to compare the effect of PEMF with 
that of PMF in treatment of soft tissue injuries as well. Hence this would provide a 
more complete comprehension of the fields effects，which gave important insight 
into the mechanisms involved at higher levels of organization. 
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1.3 Hypothesis of the study 
PEMF and PMF are treatment alternatives having uncertain mode of action 
and they have the advantages of non-invasive applications, significant less cost and 
virtually unknown complications. Assuming that with proper chosen parameters ( 
frequency, amplitude, duration and threshold etc.) PEMF and PMF could induce 
electrically based modifications of function appropriate to correct pathological 
states. In the study it was hypothesized that tendon inflammatory process will be 
modified by pulsed electromagnetic or the magnetic field. An integrated approach of 
histological, biochemical and morphometrical investigations of the immunochemical 
staining of the tissues was carried out to yield by far the most informations about 






2.1.1 Models of studying tendon injuries 
Models used to study tendon injuries encompass a vast spectrum of 
techniques and tissues, that can be broadly divided into three categories : clinical 
models, biochemical and morphologic models and biomechanical models. In the 
clinical models, they focus primarily on the findings of pain, swelling and degree of 
disability 10. However the exact nature and extent of the injury cannot be defined and 
measured accurately. Even with the help of techniques like magnetic resonance 
imaging 11 or thermography 12 the ability to monitor clinical progression is unknown. 
Human studies often entail these kinds of models because more careful history-
taking can be obtained. As for the biochemical and morphologic studies they are 
more confined to the animal models^ and they can differentiate between 
inflammatory and degenerative disorders. Lastly in the biomechanical models a 
transducer system is employed so as to measure the force acting on the tendon and 
to yield information such as tensile breaking forces. Hence animal studies are 
more common because of the inherent difficulties in obtaining quantitative data in 
human subjects. 
In order to induce tendon injuries, various methods are employed by different 
investigators. Complete tendon transection is one of the methods used to simulate 
the complete Achilles tendon rupture. Because cell tissue components are involved, 
a classic inflammatory response e n s u e s l 4 . Partial tendon laceration is another 
model which simulates the clinical situation more closely. The advantage of 
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incomplete division is that the tissue is still partially continuous and can thus function 
in load bearing. Mechanical overstretch^^ offers a good way to examine the muscle-
tendon unit injuries as it provides more realistic simulations of soft tissue injuries. 
Surgery is required in this model to expose the distal end of the tendon to allow 
force application. Chemically produced tendon injury involves systemic or local 
chemical application. Injection of collagenase has been successfiilly used as a model 
of both acute and chronic tendon i n f l a m m a t i o n s 口 . In this model, a mechanical insult 
is also delivered because of the needle puncture. This method can be applied to 
produce joint inflammation as in arthritic conditions. Falling i n j u r y 18，19 jg another 
form of creating soft tissue and tendon injuries. It provides a definite amount of 
force and the amount of injury can be quantitated accurately. However this 
application of force is a departure from the clinical scenario. Finally there are still 
some other methods to induce soft tissue injuries as by needle puncture, blunt 
trauma and even an ischemic model is being proposed. To conclude, many models 
have already been applied in the field of studying sports-induced soft tissue 
inflammation. 
2.1.2 Methods of measuring inflammation 
There is no single practical technique measuring the severity of soft tissue 
inflammation. The available methods include physical examination, laboratory 
analysis, histologic examination, imaging techniques and others. Physical 
examination focuses on the classic signs of inflammatory changes : swelling, 
increased temperature, tenderness and redness and / or pain. Scale gradations or 
visual analog scales can be used for evaluating response in any given individual 
patients. 
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Histologic examination of soft tissue can prove or disprove the presence of 
inflammation. Depending on the stage and duration of inflammation, various forms 
and quantities of leukocytes appear. Polymorphonuclear leukocytes appear in acute 
inflammation and can be counted by histologic sections for microscopic quantitation 
of polymorphs!^. The monocyte is another important cellular infiltrate in acute 
inflammation, which later becomes the tissue macrophage that is in essence for the 
release of inflammatory mediators. The infiltration of soft tissue inflammation by 
blood monocytes can also be quantitated by immunohistochemical s t a i n i n g 2 0 . One 
of the major histological features of chronically inflamed tissues is the accumulation 
of large numbers of lymphocytes. Similarly immunocytochemical staining of the 
lymphocytes using the monoclonal antibody provides quantitative measurement of 
the lymphocyte migration at the inflammatory site. Some researchers may also 
quantify the deposition of platelets and the amount of plasma protein exudation in 
inflammatory sites by radioisotope labeling techniques. The advantage of radio-
isotope technique is that as long as the gamma spectrometer in use can distinguish 
the emission spectra of the various isotopes, it is possible to quantitate several 
parameters of inflammation simultaneously. 
Less sophisticated measures of soft tissue inflammation include the analysis 
of laboratory results. Local inflammation may also cause systemic effects such as 
fever, elevated erythrocyte sedimentation rate and leukocytosis. However there are 
certain restraints on this method, the results cannot be simply relied on without other 
confirmatory or parallel investigations. If tendon is involved in the inflammation, the 
biomechanical and the biochemical pictures on the tensile properties, the typing and 
the collagen content of the tendon will surely reflect the healing conditions of the 
tendon and this kind of assessment helps to monitor the changes of inflammatory 
states as well. 
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Nowadays the diagnosis of inflammation is much enhanced with the advance 
of magnetic resonance imaging techniques^ The method is reproducible and it can 
assess the extent of inflammation as manifested in the soft tissue and bone. Though 
most of the current works deal with the identification of tumors, its future diagnostic 
possibilities for inflammation are promising and it is clearly superior to the other soft 
tissue imaging techniques. Thermographic i m a g i n g 2 2 is also a valuable means of 
monitoring inflammation in soft tissue. Since the metabolic system alters at the site 
of injury, it will change the normal surface temperature distribution and there is no 
longer symmetrical thermal patterns. With the help of a computer-assisted 
calculation, this method may provide a means of objective analysis of soft tissue 
inflammation. 
2.1.3 Treatments of soft tissue inflammation 
Inflammatory states are characterized by an immune response, including 
inflammatory cell migration, release of inflammatory mediators and development of 
an inflammatory response. Adequate rest and the application of analgesic are 
common treatments to inflammation but they will not be mentioned here. At this 
time there are potential modifiers including anti-inflammatory medications (oral, 
topical or injectable), and physical techniques such as thermotherapy, electric-field 
induction and rehabilitative exercise. Among the choices of therapeutic modifiers of 
soft tissue inflammation there are those that claim to alter the course of the 
inflammatory repair cycle and those that appear to affect symptoms. It is also likely 
that modifiers may affect the secondary response of inflammation such as muscle 
spasm and neuroreflexic pain rather than decrease classic chemical reactions. 
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used because 
of their action in the arachidonic acid cycle. Salicylates is the most commonly used 
NSAID and aspirin is the most commonly self administered and prescribed drug. 
They have anti-inflammatory, analgesic and antipyretic properties^^ and fibroblasts 
and tissue macrophages appear to be unimpaired by NSAIDs. Both dimethyl 
sulfoxide and anabolic steroids have been advocated especially for the treatment of 
athletic injuries, their role in modifying soft tissue inflammation needs further 
investigation and they may even accentuate damage. 
Corticosteroids are the most powerful and the most toxic drugs available for 
treating inflammatory diseases and they act earliest in the anti-inflammatory cascade 
to block the release of arachidonic acid24. However the healing induced by injection 
of corticosteroids has not been conclusively documented. The potential therapeutic 
effects have to be weighed against the potential adverse structural effects of this 
powerful pharmacologic agent. They decrease collagen synthesis by fibroblasts as 
well as inhibiting cytokine release from mononuclear cells^^ and they are 
contraindicated in acute macro trauma because of their catabolic effects. 
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Clinical experience suggests that physical modalities have a role in the 
inflammation repair cycle. They cover a wide spectrum of modalities such as ice 
massage, ultrasound, iontophoresis and electromagnetic field therapy etc. However 
the postulated physiological tissue effects such as changes in lymph flow, regional 
alterations in blood flow and changes in cell nutrition, require fiirther definitions in 
relation to treatment regimen. The best conditions for healing and the effects of 
various modalities, treatments and conditions must be determined. Cellular and 
biomechanical responses to therapeutic exercises are documented in tendon, 
ligament and musde24,26 They may increase matrix synthesis, metabolic activity 
and replication rates and modify the production of matrix components^?. Whether 
these changes are cell driven or the indirect effect of various exercise agents (e.g. 
changes in nutrition, release of biochemical mediators and growth factors) is being 
debated. 
Finally when an inflammation occurs after an infection, the appropriate 
therapy of infectious complications should include reconstitution of deficient 
antimicrobial defenses, drainage of localized collections of infected material, if 
present, and specific antimicrobial therapy. 
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2.2 ASPECTS OF ELECTROMAGNETIC / MAGNETIC FIELDS 
2.2.1 Applications of electromagnetic / magnetic fields in soft tissue 
inflammation 
Research choices include clinical, animal, in vitro and mathematical studies. 
Clinical researchers, clinicians and basic scientists have a different role to play at 
various stages. Our study is a biomedical approach which is purely experimental and 
concerned with the study of whatever electromagnetic / magnetic field on the living 
entity. The results are immediately convincing as they report actual experience and 
the limitation is that the experimental data cannot be extrapolated to different 
circumstances in the absence of biophysical understanding. Exposure of laboratory 
animals cannot be readily extrapolated to man unless a comparative biology 
approach and some form of scaling among different animal species is used in an 
appropriate manner to obtain quantitatively valid extrapolation relationships from the 
observed data. On the whole, different approaches are complementary to each other. 
Tissue and cell culture techniques offer an opportunity to define the research 
protocol carefully by well-defined environmental conditions. It is, therefore, better 
suited to the examination of the effects of individual stimuli on healing and tissue 
physiology than in vivo studies. Nevertheless in vivo studies are important because 
of the complicated body interactions and modifications. 
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In the following table the results of various investigations of PEMF and PMF 
on soft tissue interactions and on the circulatory aspects are summarised. They are 
considered because they are important aspects for tendon healing and the review 
suggests no conclusive protocol or findings for the field therapy at this stage. 
Table 1 ； Applications of PEMF / PMF in hematology 
/ soft tissue interactions 
Application Treatment protocol Effect Reference 
Rabbit 1 Hz,350mA,square wave, chemical changes 28 
tendon 250 Gauss, for 2-4 weeks 
Rabbit 1 Hz,square wave，25mT, histological and 29 
ligament 7 hrs/day, 5 days/week, biochemical improvement 
up to 6 weeks 
Rabbit 18 hr.exposure, 4kHz reduced Ca++efflux 30 
pancreas burst of bidirection pulses, reduced insulin release 
15 Hz repetition rate, during glucose stimulation 
2 ml peak intensity 
Human ankle peak 975W, pause 1600ms, significant drop in pain 31 
sprain 65ms pulsewidth, and intensity 
27.12MHz, 3 days exposure, 
double blind study 
Human lateral 82 Hz, 19.6W, 15 min., no difference in edema; 32 
ligament sprain 3 days exposure pain and full weight bearing 
double blind study period 
45 min exposure, 640 bursts no difference in range; 33 
/sec, mean power < lOmW, pain and gait 
continuous mode 
Human 1,3,50 and 200 Hz, inhibit lectin induced 34 
lymphocyte 2.3-6.5 mT,square wave, mitogenesis by 3 and 50Hz 
3 days exposure 
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Application Treatment protocol Effect Reference 
Monkey 15 and 45 Hz,0.82-0.93mT, no change in blood cell 35 
5-8x/day, 2 hrs.duration, count or serum chemistry 
sinusoidal wave 
Mouse 6.5 hr single exposure or increased resistance to 36 
daily, 50 Hz, xl5 days, Listeria infection 
sinusoidal wave 
Rat skin energy-pak magnetized foil, no differences in tensile 37 
400 Gauss,up to 2 weeks, strength, collagen, histology 
whole day exposure or healing rate 
triangular pulse, 8mT, earlier cellular organization 3 8 
50 Hz, 30 min.duration, collagen formation and 
2x/day, up to 42 days maturation 
5 msec burst of 3kHz pulses increased number of 39 
at 15 bursts/sec., wide pulses fibroblasts and qualitative 
,20 hrs./day, x7 days changes in collagen content 
quasirectangular wave, accelerated skin healing 40 
200 usee, 15mV, 15Hz, 
pulse burst 5 msec wide, 
up to 4 weeks 
10V,30 Hz burst rate, 40-90% synthetic increase 41 
20 pulses/burst, 5 kHz rate, and 30-60% enhancement 
10 usee pulse width of amino acid transport 
for 2 to 8 days, pulsed RF, both types of RF devices 42 
either a) 27.12MHz, increased wound strength 
200Hz pulse rate, 15W, by a similar amount 
65 usee pulse width, or 
b) 3MHz, 2mW, 
lOO i^sec pulse width, 
IkHz pulse rate 
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Application Treatment protocol Effect Reference 
Rat sciatic Helmholtz coil, 2Hz, increased nerve 43 
nerve 0.3 mT, 4hr/day, 3-6days， regeneration by 22 % 
or 1 hr/day - 10 hr/day 
Rat footpad 26MHz, E field : 5780V/m decreased inflammation, 44 
Hfield : 6.71A/m, transient lymphopenia and 
8.62W/cm2 in power, neutrophilia 
Ihr exposure 
Rat 0.5 Hz, 0.05-0.3 or increased thyroid and testicle 45 
0.3-1.5mT rotating field, weights at 105-130 days of 
exposure during entire age, no change in thymus 
gestation age or adrenal weights 
50 Hz, 20 mT,l-7days increased adrenal 46 
exposure, sinusoidal wave 11-hydroxyl corticosteroid 
50 Hz, 0.12T，3hr exposure, anti-inflammatory effect on 47 
sinusoidal wave carrageenan induced arthritis 
50 Hz, 45 W, 20 msec. effect as above for acute 5 
115V peak to peak, model but not for chronic 
5 groups, sinusoidal wave model 
50Hz, 9.4 and 40 mT, brain metabolism change 48 
5 hr/day, for 15 days, at higher field intensity, 
sinusoidal wave decreased respiration, 
glycogen level, phosphate, 
creatine and glutamine with 
increased DNA content 
50Hz, 6hr. differential leukocyte 7 
distribution 
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2.2.2 Physiological effects of electromagnetic / magnetic fields 
In the following the topics of the field effects on inflammation, on soft tissue 
or tendon healing and finally on the circulatory conditions are reviewed. 
2.2.2.1 Experiments of PEMF / PMF on inflammation 
Few studies were done on the topic and positive results were found with this 
studies. M i z u s h i m a 4 7 and Zecca^ both found a significant decrease of edema in the 
acute model of carrageenan-induced inflammation by pulsed magnetic field at 50 Hz 
of 1200 gauss and 45W respectively. No changes in the inflammatory rate were 
observed in the chronic model in Zecca study. L i b u r d y 4 4 studied the matter from a 
haematological dimension. He found a transient four-fold decrease of lymphocytes 
and a fourfold increase of neutrophils by exposing to a 26 MHz radio-frequency 
radiation of a power density 8.62 W/cm^. The results indicated that the said-
frequencies could attenuate an inflammatory reaction. 
2.2.2.2 Experiments on soft tissues / tendon healing 
PEMF / PMF applications in connective tissue research are so diverse that no 
standardised protocol are established. The succeeding sections focus on the collagen, 
tendon and ligamentous studies whereas bony tissues and nerve regeneration are 
excluded from discussion. In wound healing, Leaper^^ found no differences in 
tensile strength, collagen content, histological studies nor rate of healing between the 
treatment and the control groups by a magnetized foil having 400 gauss. M c G r a t h ^ O 
also showed a negative result with PEMF of 15 Hz, 15-mV quasirectangular 
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waveform 200 fasec wide and a pulse burst 5msec. There was no difference in the 
gross or light microscopic appearance throughout the course of study and the 
differences in the number of counted fibroblasts were not significant. However 
K o n i k o f f ^ 9 produced a mean 53% increase in loading over the control with an 
electrical stimulation of a 20 |aA current. Ottani^^ did show that the treated rats had 
earlier cellular organization, collagen formation and maturation and early appearance 
of newly formed vascular network by PMF having 50 Hz, 8mT peak pulse. 
As for ankle sprain, Barker^^ found no differences in goniometric and 
volumetric measurements, the subjective pain scores and gait analysis between the 
pulsed shortwave group and the control group for a total of 73 patients. McGilP^ 
recruited 37 patients and each of them received 3 sessions of treatment, lasting 15 
minute each on consecutive days. There was no difference between the treatment 
and the placebo groups in terms of an earlier reduction in swelling, less pain or 
shorter period to full weight bearing. However, Wilson^ 1 found a definite biological 
effect on recently injured soft tissues, especially in the reduction of pain and 
disability with the Diapulse machine, on 20 pairs of patients under a double-blind 
condition. Still the vast combination of treatment frequencies, duration and intensity 
complicate the picture of PEMF / PMF on soft tissue injuries. 
J o l l e y 3 9 in his study used 2 Helmholtz coils to generate an electrical gradient 
of about 3.0mV/cm and 5msec. burst of 15 Hz PEMF. He obtained a statistical 
significant increase in the number of fibroblasts in the PEMF group. In another study 
by Farndale^ PMF of 5msec burst repeated at 67msec intervals also gave an 
enhancement in collagen production. 
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Some studies concentrated electromagnetic stimulation on tendon healing. 
Frank29 used 25x10-3 Xesla and 1 Hz pulse to produce a relative increase in 
histologic maturity, earlier stiffness and failure strength restoration and sooner return 
of collagen content towards normal values of rabbit ligament by the end of six 
weeks. Binder^^ did a double-blind cross-over study of PEMF effects in chronic 
refractory tendinitis by a coil of 73 Hz and 5-9 hr. each day treatment. He 
demonstrated a significant difference between the experimental and the control 
group for most assessment parameters. In contrast, Zuiden^^ studied the effect on 
rabbit tenotomy scar at 3 weeks treatment of 250 gauss and negative results were 
observed. 
2.2.2.3 Experiment on blood circulation 
It is easy to understand that without a proper blood supply, repair is limited. 
In Lau's study he used a circular magnetic coil of 50cm in diameter and a significant 
increase of blood flow was demonstrated when the frequency was set between 12 
and 20 Hz and the intensity at 10 to 20 gauss or higher. Braun^l also showed an 
increase in the rate of revascularization and bone remodel of the rabbit femoral head 
when exposed to PEMF, 72 Hz, 380 |asec duration and 2 gauss. A similar result was 
observed by P a t t o n 5 2 who found a statistical significant enhancement in growth rate 
of partially denuded endothelial cell monolayers in the presence of PEMF of total 
energy 10-10 w/mm^, 15 Hz, 5 msec wide burst of quasirectangular waveform 200 
jisec wide. 
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Fenn53 produced experimental hematomas in rabbit's ears which were 
treated with PEMF of 400 Hz, twice daily for 30 minutes, as delivered by Diapulse 
generator. The hematoma resolution was found to be accelerated in the treated 
group as compared to controls. Peripheral circulation in the young healthy adults 
was also found to have a significant increase with high power, 65W EMF, either 
pulsed or continuous mode, in Silverman^^ study. The pulse rate was 2400 Hz, and 
each burst lasted 60-70 msec. No such effect was observed when the power was at 
15W with a pulse rate of 600 Hz. 
2.2.3 Experiment with different parameter settings in soft tissue inflammation 
There exists multifactorial interactions for a dose response of the 
electromagnetic / magnetic fields on the biological processes. The essential 
parameters of the exposure field include modulation characteristics (e.g. pulse 
duration, shape and repetition rate); frequency (e.g. carrier and modulation type); 
intensity; threshold and orientation. The target specificity and the environmental 
conditions all contribute to the treatment outcome and their combinations are the 
possible candidates for research study. So it is not surprised to realize the wide 
spectrum of results by different researchers who employed different parameters in 
studying biological processes. 
In the pulsed / continuous mode comparison, Wilson^^ demonstrated a 
superior result with PEMF to the continuous short wave diathermy. It was 
suggested that the action of PEMF in promoting the healing of soft tissues was not 
just a thermal effect but a more specific biophysical process. Wagstaffs^^ pilot study 
again showed that pulsed short wave groups had a relief in low back pain 
19 
significantly greater than those patients in the group receiving continuous short wave 
diathermy. Yet there was no significant difference on peripheral circulation for the 
effect of pulsed versus continuous output in Silverman's^^ study. Fitton and 
J a c k s o n 5 7 noted that sine wave electromagnetic fields, of a given frequency, 
produced different responses when they were pulsed or continuous. 
Pulsed electromagnetic fields have caused various effects in different 
biological models, with no clear advantage of one pulse form over 
another5，29,41，58 Numerous types of magnetic field waveform had been used in 
biological studies, including s i n u s o i d a l 5 ， 3 5 ， 3 7 , 4 8 , square^S and quasirectangular^O 
wave fields and pulsed fields with burst repetition rates that lie in the extremely low 
frequency range. For both square-wave and pulsed fields, two parameters of key 
importance are the rise and decay times of the signal, e.g. a sharply rising, square-
wave magnetic field pulse will induce a peak current density in tissue that exceeds 
the value achieved with a sinusoidal field having the same root mean square intensity 
and fundamental frequency. Magnetic fields with a rise time < lOnsec were seldom 
used in biological studies because of the attenuation by the skin depth and the 
reflection loss. 
Another key factor in determining the response of living systems to 
extremely low frequency magnetic fields with any type of waveform is the 
fundamental field frequency, e.g. magnetophosphenes was limited to time-varying 
magnetic field with frequency < lOOHz. Although the frequency dependence of the 
biological response to time-varying magnetic fields has not been well characterized 
for systems other than the visual apparatus, it is probable to find such similar 
frequency dependence in soft tissues, say 15Hz was frequently used for calcium or 
brain studies whereas 50Hz and 60Hz were commonly employed for investigation of 
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electromagnetic / magnetic field on living organisms. Magnetic fields as low as 1 Hz 
have been used for treatments of ligamentous healing. In some reports, the response 
of the biological system was due to the modulation frequency and not to the carrier 
frequency 約. 
Field intensity is another variable that may affect the treatment outcome in 
electromagnetic stimulation. 'Intensity Window' phenomenon was occasionally 
observed. The condition in which a specific result is found only when the 
independent variable is within certain well-characterized narrow ranges of values is 
described as a 'window' effect. The divergence of magnetic field intensity from a few 
to several thousand gauss, which occurs in certain laboratory and industrial 
conditions, contributes to different treatment outcomes. In some studies the 
existence of threshold is suspected because the biological outcomes were observed 
at a lower value when exposed to modulated fields or occurred only when specific 
values of the independent variable were chosen. 
G o o d m a n 6 0 investigated a combination of physical parameters on 
myxomycete P. Polycephalum, which was exposed to either continuous wave (75 
Hz) or frequency modulated wave (76 Hz) EMFs of 0.1-2.0G and 0.035-0.7V/m. 
No threshold was observed for simultaneously applied electric and magnetic fields. If 
individual field was applied, electric field was below threshold at 0.14V/m and 
magnetic field below 0.4G. The field effects were addictive for respiration rate. 
Frequency modulation of the fields seemed to have no major effect on the response 
induced in P. polycephalum in his study. 
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To conclude, different parameters, including the exposure duration and the 
treatment period show considerable variability and no optimal or definite selections 
have been identified. Each of these components or combinations was postulated to 
modify cell activity by affecting ionic populations, membrane properties, cell-to-cell 
communication, mitochondrial behavior, enzyme patterns, nutrition and nuclei acid 
function. The presence of 'pulse specificity' and the possible existences of 'frequency 
and amplitude window' make the standardization of treatment protocol difficult. 
With complex dependence on so many parameters, it is apparent that different 
exposure conditions may induce different treatment outcomes for the subject. 
2.2.4 Proposed mechanisms of PEMF / PMF 
In the laboratory, PEMF and PMF may be regarded as tools for studying 
factors involved in healing process. Whether they affect a specific process or 
whether their action be more generalized is unclear. It is logical to say that they must 
work within the limits set by the inherent control systems in the tissue. Living cells 
are a source of natural AC electrical oscillations^ which appear to a probable 
signal of certain critical cellular processes. In s t u d i e s ] 0 , 6 2 , 6 3 on the effects of 
pulsed magnetic fields with time rates of change from 5 to 100 T/sec, the peak 
induced electric and current density in the medium were larger than 100 mV/m and 
10 mA/m^ respectively. The induced current exceed the endogenous electrical 
currents that are normally present in extracellular fluids in vivo. The currents 
induced has been suggested to exert an electrochemical effect which in turn 
influenced the membrane transport and concentration of intracellular calcium ions, 
which played a key role in the mechanism of membrane sensitivity according to 
A d e y 6 4 . Brocklehurst^^ found that magnetic fields of the order of lO'^ to 10-2 x 
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could affect chemical reactions by influencing the electronic spin states of reaction 
intermediates. It is also possible that different ions flow at different rates in a 
magnetic field because of different masses leading to a changed ionic 
concentration^^. 
L i b u r d y 6 7 found that the induced electric field, in contradistinction to the 
magnetic field itself, was responsible for the field effect and they identified the 
electric field as the biological relevant metric. The electromagnetic fields cause two 
main effects on the body tissue. One is the well-known thermal effect affecting the 
oxygen tension and the nutritional aspects of the tissues which are important for 
tissue healing. The other is the more direct field effects on the tissues. Because the 
biological system is highly electrical in nature, applied electromagnetic fields might 
be expected to affect the system drastically. According to Schwan^^ an 
electromagnetic field could provoke changes in the properties or states of particles. 
This might also redistribute charges. Frohlich^^ hypothesized a 'triggering' effect by 
external energy of coherent excitation of a single mode of vibration, allowing a 
possible mechanism by which sub-penetrating doses of electrical energy may push 
the prepared biological system over a certain threshold of metabolic activity. 
Further, the interaction between the cell membrane and PEMF modulates critical 
signal transduction mechanisms such as calcium influx and mobilization, surface 
receptor redistribution and protein kinase C a c t i v i t y 6 2 , 7 0 Some researchers? 1 also 
proposed a cyclotron resonance hypothesis which stated that a specific frequency / 
intensity could be used to affect ion fluxes. All the above-mentioned mechanisms in 
tissue intervention are of a predominantly speculative nature. 
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CHAPTER THREE 
METHODS AND MATERIALS 
3.1 Animal models 
Male Sprague-Dawley rats weighing approximately 500 grams were 
anesthetized by injecting intraperitoneally with 2.5% sodium pentobarbital (2ml / 
100 gram). Both heels were shaved and both tendoachilles were isolated (Fig.2) and 
injured by a falling weight of 98.24 gram from a height of 35 cm (Fig. 1) so as to give 
a repeatable injury in each experiment. The surgical wound was closed with 4-0 
Dermalon suture. The rats were then labeled by pinching the ear and randomly 
assigned to the control group or the treatment group either of PEMF or PMF. All 
animals received the same diet and water ad libitum. They were subjected to the 
same environmental conditions and handling. On the day of sacrifice, they were 
sacrificed by intracardiac puncture with 1 ml of 2.5% sodium pentobarbital. 
The tendoachilles were retrieved and non-ligamentous tissues were removed 
by careful scraping and dissection. The right tendoachilles were preserved in 
buffered formalin for histological and the immunochemical studies. The left 
tendoachilles were used for biochemical assessment which included the total 
collagen content and the total water content. As for the total collagen assessment, 
the tendons were stored in -20^C until the day for assessment. 
3.2 Apparatus 
High peak pulsed EMFs were generated by a 'Curapuls 419' machine. Its 
carrier frequency was 27.12 MHz of wavelength 11 meter in vacuum with 
modulated pulsed repetition rate ranging from 15 to 200 pulses per second. 
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Fig. 1 The tendoachille was traumatized 
by a 
> I ,. 丨丨 ‘ I I 1.11 - - , ” . - . . " '"“.I ‘ - , 
Fig. 2 The tendon was retrieved from the neighboring tissues and placed on 
a platform before imparting an injury to it. 
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The pulse interval can be set to values between 5 and 70 ms. The peak output of 
each pulse was 1000 Watt with maximum average power output equals to 80 Watt. 
Each pulse lasts for 400 Because of the machine's tuning problem, a mean 
power of about 12.9 Watt and 3.6 Watt was given for 46 Hz and 15 Hz respectively. 
EM energy can be transferred to the subject either via a capacitative method 
or the inductive method. In the study EMF was delivered through a pair of 
capacitive electrodes of diameter 8.5 cm and they were positioned approximately 3 
cm apart from the heels which were put near the middle of the field (Fig.3). The 
capacitive technique uses the tissue being treated as a lossy dielectric materials 
between two plates of a capacitor which are in turn connected to the output. The 
electrode, a rigid metal plate within an insulated housing, could have an adjusted 
spacing between the plate and the outer face of the housing. A high frequency 
alternating voltage was applied to the tissue giving rise to conduction and 
displacement current. The Curapuls machine delivers E field mainly with the 
capacitative method^^. 
PMF was given by a 'Magnetopulse TGS' machine (Fig.4). It was delivered 
by a pair of near rectangular coils of inner cross-sectional area 105 cm^ and 
separated by 6 cm apart. Alternating current was passed through the coils. It 
generates a quasi-sinusoidal rectified waveform derived from the 50Hz mains 
f r e q u e n c y 7 4 . The digital display f o r Magnetopulse allows three variables t o b e 
altered : the time of exposure, from 1-99 minutes; repetition rate which can be set at 
1-8，10, 12, 16, 17, 25, 50 Hz; and the intensity in arbitrary units (a.u.)，from 1 to 
99. In the study, frequencies of 50 Hz and 17 Hz signal (Fig.6) which corresponds to 
actual 16.7 Hz were chosen. Intensity was set at 80 a.u., which equals to 4.95 m l 
(49.5 Gauss) power output, for comparison. 
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Hm^i 
Fig. 3 (top) The rat was put in a transparent box with the tendon at the 
middle of the field. EMF is delivered via the capacitative method. 
Fig. 4 (bottom) The set-up of the magnetic field therapy in the study. 
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Figure 5 Schematic Diagram of the Magnetopulse 2000 circuit ^ \ 
L \ r Switch J 
J L < Colls J t 
N ^ ^ 乂 
Legend : It comprises a step-down transformer connected to the mains to 
provide an 50Hz supply at about 45volts and a semiconductor switch. 
5.1 mT ATVYIATTV 
16.7 Hz 
fWVYWWW 
5 0 Hz I 1 
20 msec 
Fig.6 PMF repetition rate waveform 
* Information kindly provided by S.R.Voun<» 
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3.3 Treatment regimen 
The animals had 15 minutes treatment per session, which is the practical 
treatment hour clinically. They had five times a week treatment and for intervals of 
up to 4 weeks accordingly. During the treatment, the rats were held inside a 
transparent plastic box and the heel was positioned over the middle of the field. 
Totally there were 5 groups named as the control, 46 Hz and 15 Hz groups of 
PEMF and 50 Hz and 17 Hz groups of PMF. No treatment will be given to the 
control group. The rats were randomly assigned to one of the above-mentioned 
groups. Each group of the rats was sacrificed at randomly assigned periods, i.e. 2 
hours post exposure on operation day, dayl, day3，day7, day 14 or day28 post 
exposure. For the control group, the rats were killed at the above-said period post 
injury accordingly. Each group had 30-36 rats and each period had 5-6 rats in the 
study, which varied a bit for each parameters' study. Both tendoachilles were used 
for assessment. 
3.4 Assessments 
The details of each assessments will be included in individual chapters that 
follow. Briefly the right tendoachilles were used for histological study by standard 
haematoxylin-eosin staining to reveal the inflammatory pictures and for 
morphometrical analysis of tissue sections with immunochemical staining for the 
inflammatory cell, the macrophage. The sections were examined at magnifications of 
50-630X. The corresponding left tendoachilles were used for biochemical 
assessments which covered the water content and the total collagen content. The 
weight before and after lyophilisation was compared. In the collagen study, the 
tendon was hydrolyzed with 6N HCL and the amount of hydroxyproline was 
obtained spectrophotometrically. A 2 way-ANOVA procedure was conducted to 





Light microscopy is useful in the demonstration of intracellular components, 
as it provides an overall picture of the tissue sections. This method is easily 
accessible in the laboratory. The tissues are cut into thin slices, embedded and 
stained so as to be examined under the microscope. The image seen in the 
microscope is an artificially derived representation of the living architecture. 
Haematoxylin and eosin stain is used which stains the nuclei in blue-black by 
haematoxylin and cell cytoplasm in intensities of pink / red by eosin?^. 
The common models for investigating the effects of exercise and electrical 
stimulation mainly focus on the synthesis of microfilaments and the fibrils and the 
biomechanical aspects of tendon healing. Histology is used in r e s e a r c h e s 9 , 2 9 , 7 6 
related to electrical stimulations on soft tissue healing. The purpose of the 
investigation was to reveal the inflammatory picture and the cellular events taking 
place during tendon healing and it forms part of the integrated approach in studying 
the topic. 
Inflammation is often accompanied by vasodilatation and increased blood 
flow to the inflamed tissue, and because in the point that pulsed electromagnetic 
fields could influence the differential leukocyte population and the circulatory aspect, 
they can be utilized to treat inflammation. Assuming PEMF and PMF alter the cell 




The tendoachilles were prefixed in buffered formalin for 1 day, cross sections 
and longitudinal sections of the tendon were cut and prepared with an automatic 
tissue processor and then embedded in paraffin blocks. With proper trimming and 
orientation of the blocks, slides of each specimen were cut by a rotary microtome of 
10 |im thick and mounted on glass slides and stained by standard hematoxylin-eosin 
(Ehrlich's) procedure for examination by light microscopy (Appendices A & B). It 
was a regressive stain in which sections were overstained and then differentiated in 
acid alcohol after 'blueing'. The nuclei were stained blue-black with good intra-
nuclear detail whilst the cytoplasm and different connective fibers and matrices in 
differing shades of red and pink. Photographs of representative sections were taken 
at 5 0 - 4 5 0 X magnification for further assessment of cellular details and matrix 
c o m p o s i t i o n ? ^ . Treatment regime was decribed in chapter 3.3 and there was five 
groups including the control, each having 36 rats and each sacrifice period got 6 
rats. Totally there were 180 right tendoachilles for histological examination. 
4.3 Results 
The normal tendon (Fig. 7) consisted of wavy collagen fibers among which 
were scattered rows of fibrocytes with elongated nuclei. Ground substance was 
sparse and the fibers were aligned along the line of stress and they were loosely 
arranged with scanty blood vessels. In cross sections, the fibrocyte was tapered in 
shape with cytoplasmic processes extending between the collagenous bundles. 
Macroscopically the tendon had a white glistening surface covered by a thin layer of 
filmy connective tissue. 
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Fig. 7 Micrograph of normal tendon (H&E x400 ). Collagen fibers are stained pink in 
the preparation and fibrocyte F is elongated in the direction of extracellular fiber. 
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The time course of the tendon reaction to the injury was as follows : 
At 2 hours post exposure : 
The falling method evidently produced injury to the tendon and acute 
inflammatory features existed. Swelling and the redness from the superficial blood 
vessels dilatation markedly characterized the macroscopic feature of the tendon. The 
main events were vascular in origin (Fig. 8). The inflammatory changes were mainly 
confined to the peritenon and there was lysis of the tendon proper as well. The 
earliest visible responses were a) increased vascularity and more prominent blood 
vessels; b) local extravasation of blood; c) swelling which led to the increase in the 
interstitial space; and d) the appearance of the polymorphonuclear leukocyte. The 
vessels were congested and the luminal surface became covered with a layer of 
adherent polymorphs (margination). Occasionally polymorphs were found in the 
extravascular tissues. PMF 50 Hz had lesser inflammatory cells in the vessels, 
nonetheless, results in all the groups including the control were similar. 
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Fig. 8 Micrograph showing the initial phase of tendon just 2-hrs.post injury. Note 
that the disruption of vessels leading to extravasation of blood cells and the 
lysis of the tendon proper (H&E,xl00,50Hz). 
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Fig. 9 Acute inflammatory picture showing the prominence of polymorphs P and the 
increased fluid exudation in the extracellular space (H&E,dayl,x400,PMF17Hz). 
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Fig. 10 PEMF 46Hz at dayl showed the very acute inflammatory picture (H&E, x200 ). 
The section was very cellular and fibrin F was present to trap the unwanted stuff. 
I rn^mm 
At day 1 : “ 
Macroscopic pictures were the same, tendons were swollen and small blood 
vessels were evident in the connective tissue sheath. Sections showed that the two 
major components, fluid exudation and cellular exudation of acute inflammation 
existed (Fig.9). Many polymorphs subsequently passed out through the venular wall 
and were visible in large numbers in the edematous extravascular tissues (leukocytic 
emigration) and they could still be seen escaping in large numbers from the vessels. 
In this phase the capillaries were prominent and the blood vessel calibres increased. 
Vessel disruption lead to the extravasation of blood constituents. The sections 
appeared to be quite cellular. The features of early inflammation were observed. 
Polymorph was the predominant cell type among all the groups and there was 
edematous extravascular component. 
Appearance of fibrin was common, e.g. in PMF 50Hz and PEMF 46Hz, 
some fibrin (Fig. 10) was seen for trapping unwanted materials. PMF 17Hz and 
PEMF 15Hz had occasional plasma cells and macrophages. Some sections of PMF 
17Hz showed calcification which may have been present prior to this injury (Fig. 11). 
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Fig. 11 Calcification was occasionally seen in the initial phase and this might probably 
be present prior to the injury (H&E, dayl, x50, PMF 17Hz ). 
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Fig. 12 Macroscopic features of tendocahille at day 3 post injury. 
The acute inflammatory features were still prominent (PMF 17Hz ). 
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Fig. 13 Macrophages M and the lymphocyte L signified the later inflammatory phase in 
this stage. Lymphocyte could easily be recognized by their small, densely stained 
nuclei and a thin halo of poorly stained cytoplasm. On the top left corner were the 
endothelium of the vessel wall, V (H&E, day3, x400, PMF 46Hz )• 
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At day 3 : 
The day 3 specimens disclosed similar appearance as above two groups. 
Loose adhesions were occasionally attached to the skin (Fig. 12). Microscopic 
examinations showed that numerous capillaries were still present. The acute phase of 
inflammation had not subsided and it gradually progressed to the late phase of 
inflammation. Some vessel endotheliums were less congested. Strikingly it was 
easier to find the macrophages (Fig. 13). The infiltrate initially composed almost 
exclusively of polymorphs was transformed into an accumulation of mononuclear 
cells. Platelets and macrophages were sometimes found within the vicinity of several 
masses of fibrin (Fig. 14), some of which they might have been phagocytizing. Some 
monocytes invaded the tendon proper and inflammation did not confine to the 




Fig. 14 In the subacute phase, occasional lymphocyte L and plasma cell P which has 
large granular nuclei and extensive basophilic cytoplasm were found in the 
section. The polymorph infiltrate began to resolve and macrophages M were 
obvious. Fibrin F was seen in the background (H&E, day3, x450, PMF 50Hz ). 
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Fig. 15 Macrophages were found to invade the tendon proper as well in later phase 
of inflammation (PEMF 15Hz, day3, x400 )• 
• . • - . • 
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Occasional plasma cells and lymphocytes were found in the sections, which 
signified the later inflammatory phases. PMF 17Hz was already in the subacute 
phase of inflammation with relatively more plasma cells and lymphocytes. As the 
polymorph infiltrate began to resolve and macrophage accumulation continued an 
arbitrary division was drawn between the early and the late inflammatory phase • 
At day 7 : 
Gross pictures showed adhesions in the connective tissue sheath. The 
vascularity in the skin and the underlying fascia decreased and the swollen tendon 
diminished in diameter. Specimens obtained on day 7 revealed the presence of 
fibroblasts (Fig. 16) which had well-developed nucleus and massive cytoplasm. Acute 
inflammatory changes had greatly faded. 
Granulation tissue consisted of a dense population of macrophages, 
fibroblasts and neovasculature embedded in a loose matrix among the groups 
(Fig. 17). The vessels were irregularly distributed and the endothelium was thin. 
Ground substance was relatively abundant, as were cell fragments and debris. Few 
acute inflammatory cells were seen, the polymorphs had significantly dropped in 
numbers. Meanwhile lymphocytes and plasma cells were relatively more than the 
polymorphs. Occasional blood clots remained in the tissue and there was a reduction 
of free blood cells. There was reabsorption of extravasated blood constituents. 
Haemociderin cells due to the presence of broken irons were present demonstrating 
that the sections were already in the late phase of inflammation (Fig. 18). Tendons 
from animals in the PMF 50Hz group had the least interstitial fluid. PEMF 15Hz and 
46Hz and PMF 50Hz had similar pictures and they were progressing into the healing 
stage while young fibroblasts were more prominent in PMF 17Hz. 
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Fig. 16 Micrograph showing the active fibroblast F in healing tendon. Much less 
inflammatory cells were found (H&E, day7, x400, PEMF 15Hz). 
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Fig. 17 Micrograph demonstrating the granulation tissue which comprised of 
macrophages M, fibroblasts F and neovasculature V. Interstitial spaces 
decreased & much less polymorphs P were found (H&E,day?, x400, control). 
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Fig. 18 Haemociderin H was occasionally found in the section which was already 
• mthe late phase of inflammation (H&E, day7, x400, PMF 17Hz). 
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At day 14 : 
After 2 weeks, gross pictures were approaching to a normal tendon. 
Occasional adhesions with the neighboring tissues were found. Microscopic 
observations of the day 14 specimen revealed a marked increase and advancement in 
fibroblastic proliferation (Fig. 19) and a decrease on the other cellular reaction. 
Collagen fibers were formed in a random and disorganized pattern (Fig.20). Vessels 
decreased in number and they resumed quite a normal appearance. There were newly 
formed vascular bundles in the periphery. New nerve fibres were noted as well. 
Very mild degree of inflammation existed. The macrophage population 
dropped greatly with lymphocytes and plasma cells decreased as well. The sections 
all illustrated a healing picture. In the control group, there were residual 
inflammatory cells hanging around in the matrix. More young fibroblasts' were 
present and they had ovoid nuclei and sparse cytoplasm. PEMF 46Hz and 15Hz and 
PMF 50Hz had similar pictures, yet some foreign bodies were present with nearby 
macrophages. On the whole they were all healing and PMF 17Hz group showed the 
best result with more fibroblast deposition. 
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Fig. 19 Section of repairing stage showing fibroblasts F with large, rounded nuclei 
and prominent nucleoli and sparse cytoplasm. Collagen fibres were not well-
formed (H&E, dayl4, x200, PEMF 46Hz). 
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Fig. 20 Wavy collagen bundles of the healing TA. The fibroblast F cytoplasm was 
spindle shaped elongated in the direction of the extracellular fibers. 
(H&E, dayl4, x400，PEMF 15Hz) 
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At day 28 : 
By the fourth week, the tendon regained the normal appearance which had 
shiny glistening surface (Fig.21). Microscopically there was no longer inflammation 
and they were all undergoing healing. The acute inflammatory processes underwent 
resolution and did not proceed to chronic inflammation. They had the appearance of 
decreased cellularity and fibrocytes were mostly observed. The fibrocytes were 
spindle-shaped with fewer processes and elongated nuclei. In contrast to the normal 
tendon which had few and sparsely distributed fibroblasts, the day 28 specimens 
showed relatively more abundant fibroblasts which had not yet reverted to quiescent 
tenocytes yet. The fibroblasts became oriented in a longitudinal fashion as 
remodeling took place and an increased degree of alignment was observed when 
compared with the 2 week groups. The newly formed collagen and the capillaries 
appeared more mature. Occasional residual macrophages were observed on the 
sections. The overall picture was not as compact as seen in the normal tendon. 
All the groups were healing yet the alignment was still not well organised. 
This was especially for the PEMF 15Hz and the control whereas PMF 17Hz showed 
much better alignment among the groups (Fig.22-24). 
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Fig. 21 Macroscopic feature of the healing tendon by 4-th week ( control). 
^ • B ^ I 
Fig. 22 Micrograph showing the resolution of inflammation. The fibroblast became 
more mature, the collagen bundles aligned along the line of force and the 
section was no longer cellular (H&E, day28, x400, PMF 17Hz ). 
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Fig. 23 Micrograph of the control section by the 4-th week (H&E, x400 ). 
Histologically it's less mature than the previous PMF 17Hz section. 
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In acute i n f l a m m a t i o n ? ? there are usually three major events : 1) changes in 
the vascular calibre resulting in increased blood flow, 2) extravasation of blood 
constituents, plasma proteins and leukocytes and 3) accumulation of leukocytes at 
the site of injury. The appearance of fibrin at the site of injury was also very 
common. The vessels have increased permeability which leads to the formation of 
inflammatory exudate and local oedema, henceforth the major components are fluid 
and cellular exudation. Many inflammatory responses are characterized by vascular 
disruption and red cell extravasation. Polymorphonuclear leukocytes^^ 
(polymorphs) were considered to be the first leukocyte to infiltrate the area of 
inflammation and injury. It was one of the acute inflammatory features that the 
striking polymorphs infiltration occured within a few hours after the onset of 
inflammation. As polymorphs diasppeared, macrophages came to an ever-increasing 
amount within the injured area, and as resolution proceeded an infiltrate initially 
composed almost exclusively of polymorphs was transformed into an accumulation 
of macrophages. The macrophages phagocytosed and digested the tissue debris 
including the effete polymorphs. Finally the area became filled by the ingrowth of 
newly formed granulation tissue. 
Various authors like Mizushima^^ and Zecca^ found inhibition of 
inflammatory oedema by exposure to pulsed electromagnetic field. Fenn53 produced 
an acceleration in the hematoma resolution with pulsed electromagnetic field. In the 
studies of Bassett^, Braun51，Pat ton^^ , Silverman^^ and Lau, they all found 
significant enhancement in the circulation in the presence of pulsed electromagnetic 
fields. L i b u r d y 4 4 also detected a well defined but transient refractory state in the 
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number of circulating specialized leukocytes (neutrophils). All these studies give an 
insight on the effect of pulsed electromagnetic / magnetic field therapy on soft tissue 
inflammation. 
The present findings suggested that as early as 2 hours post injury to the 
tendon, there existed the neutrophils infiltration. Leukocytic margination and 
emigration were one of the subsequent responses to the injury and they helped to 
determine the stage of inflammation. Initially the responses were mainly confined to 
the peritenon and they were mainly vascular in origin, with additional tearing of the 
tendon fibers. In PMF 50Hz, acute inflammatory reaction was further decreased with 
scarce inflammatory cells. This result correlated with Ottani's study^^ who found a 
decrease in inflammatory cells with PMF 50Hz. However in L i b u r d y 4 4 study there 
was a transient fourfold increase of neutrophils peaked three hours after exposure, 
however no such phenomenon was observed in our study. This may be due to the 
difference in the treatment protocol and our observations were taken at 2 hrs. post 
exposure instead of 3 hrs. 
On day 1, the acute inflammatory features were present. In this phase, the 
sections were filled with clotted blood, inflammatory exudate, polymorphs and dead 
-tissue cells. The fibrin clot was activated by the coagulation cascade and it provided 
the initial tensile strength to the tendon. Most of the sections, especially the PEMF 
46Hz group, showed fibrin deposition which was for trapping those unwanted stuffs, 
the phagocytosis was actively proceeding. The surface was glued together by fibrin 
which added the initial mechanical strength to the injured tendon and later adhesion 
might be accounted by the fibrin deposition. 
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Macrophages began to appear frequently on day 3 in the sections, very few 
macrophages were seen in day 1 occasionally. This change in differential leukocytes 
marked the transition of the inflammation to the sub-acute phase. Macrophages^^, 
like neutrophils, phagocytosed and digested pathogenic organisms, but they also 
scavenged tissue debris. They secreted biologically active substances which were 
important for the initiation and the propagation of the granulation tissue. Some of 
the macrophages were larger in size because they were actively phagocytosing the 
debris-like organisms. The demolition phase was mainly by the action of the 
inflammatory macrophages. The presence of the lymphocytes and the plasma cells at 
this stage also signaled the changing phase of the inflammation. They were 
functional units of the immune system and were responsible for the production of 
antibodies. The tendon proper was not as compact as the normal section. 
Histologically the clinical pictures were roughly the same among the groups. Some 
sections of PEMF 46Hz got calcifications which should not be induced by this injury 
because it was just on day 1 and day 3 only. When examining the normal sections, 
similar pictures of calcifications were observed and it might be accounted for by the 
over-activity of the rats which fought against each other in the cage. Up to this 
stage, PMF groups proceeded to a later stage than the PEMF groups which were 
similar to the control group. In PMF groups, there were relatively more lymphocytes 
and plasma cells and their activity may be modified by the pulsed magnetic field. 
Also the increase in interstitial space due to the inflammatory swelling seemed to be 
smaller in the PMF group than the control in the study. The quantitative 
measurement of the water content for different treatment groups will be presented 
in chapter six. 
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The injury was only of one episode type which did not persist and there was 
no wound contamination, hence the inflammation did not terminate to a suppurative 
nor a chronic persistent lesion. At day 7, neutrophil infiltration drastically decreased. 
Occasionally a few inflammatory cells were found in the matrix and there was 
extravasation of blood constituents. The emergence of the fibroblast deposition was 
important to follow the early vascular inflammatory phase. This reparative and 
proliferative phase of prominent connective tissue activation signaled the progress of 
tendon inflammation. Whereas most soft tissues healed essentially by cell 
proliferation (granulation), tendons required at least 3 separate, but related processes 
：1) fibroblast proliferation, 2) collagen fibril synthesis and 3) alignment of fibrils 
with the longitudinal axis of the tendonl4. in this stage the granulation tissue 
consisted of a mixed population of macrophages, fibroblasts and neovasculature 
embedded in a loose matrix of collagen. The ingrowth of the endothelial cells with 
new vessel formation in the inflamed tendon was an essential accompaniment in the 
inflammatory response. As newly formed vessels matured, their walls thickened and 
the endothelium was more evenly distributed. This process of angiogenesis did not 
seem to be affected by treatment groups. 
At day 14, PEMF 46Hz and the control revealed similar histological pictures 
whereas the other groups were a bit superior in the fibroblast formation. The 
collagen fibers were in a random and disorganized pattern. The cellular events 
required for tendon healing were already in progress. Occasionally foreign bodies 
were found in the tissue. It may affect the inflammatory cell's population, in turn 
complicates the trauma caused by the falling injury and may affect the treatment 
outcome as well, thus introduces discrepancies to the results. Typically the sections 
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were in the proliferative phase which was called the late inflammatory phase in the 
study. This was characterised by the accumulation of endothelial cells and the 
fibroblasts. The capillary ingrowth increased and there was continuous deposition of 
the extracellular matrix. 
At day 28 which was the end point of the experiment, there was no longer 
any inflammation. The gross picture of the tendons closely resembled the normal 
tendon. The collagen became more aligned to the line of stress than previous 
sections. Researchers usually referred to it as the maturation phase^^. The tensile 
strength of tendon might be increased, which is determined not by the amount of 
collagen deposition but by the alteration of the intermolecular cross-links and the 
remodeling process to form larger collagen bundles. Histological examination only 
gives a hint on the healing profile of the tendon whereas the type of collagen fiber 
formation and its composition will add pictures to the tendon maturation. If a 
complete healing picture of the tendon inflammation is required, which covers the 
reparative and the organization phases, then a longer end-point is suggested, say for 
12 weeks minimally to study the effect of field therapy . 
Comparing the end microscopic features for all the groups, PMF 17Hz 
showed a superior result with earlier return to normal appearance, the collagen fibres 
were better aligned to the line of stress and the fibroblasts seemed to be mature. The 
PEMF 46Hz group also had similar features whereas PEMF 15Hz and PMF 50Hz 
demonstrated not much different features to the control group. 
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It is difficult to make direct comparisons between these resultes and those 
from other studies because there were so many variables in the treatment protocols 
and the treatment subject was different. Furthermore the possible existence of 
'window' phenomenon might complicate the results. Yet from the empirical 
histological results, we may postulate that different frequencies may exert differential 
treatment potentials on tendon inflammation. The result that PMF 50Hz showed a 
superior result initially in the modification of the severity of acute inflammation while 
PEMF 46Hz showed a better result at the end might suggest a combination of these 
two frequencies at different stage for tendon inflammation. This frequency 
combination was suggested to treat tendon inflammation because it's more 
reasonable that different frequencies act selectively on different inflammatory stages. 
Finally as the histological study is mainly a qualitative assessment, the two 
plane assessment has to be projected to reconstruct a three plane story. If serial 
sections are done, a more complete picture will be presented. Biochemical methods 
to calculate the water content and the total collagen content, which are also the by-
products of tendon inflammation could reveal a further quantitative measure of the 
inflammatory process. Immunochemical staining in the following chapter may also be 
employed to stain the inflammatory cells，like the macrophage, specifically. 
Nevertheless, thess histological findings support the use of PMF 17Hz and PEMF 
46Hz in tendon inflammation. 
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CHAPTER FIVE 
MORPHOMETRICAL ANALYSIS ON TISSUE SECTIONS WITH 
IMMUNOCHEMICAL STAINING 
5.1 Introduction 
5.1.1 Different approaches in identification of macrophages 
M a c r o p h a g e s 7 8 , 7 9 are vital effector cells in immune defense. They release a 
plethora of biologically active substances. The surface components of the 
macrophages are actively participating in chemotaxis, adherence, endocytosis, 
recognition of tumor cells and interaction with lymphocytes and endothelial cells. 
Because of these properties, the recognition of macrophages follows three 
approaches. They are respectively the light- and electron-microscopic techniques, 
enzyme histochemistry and the immunocytochemistry. 
Microscopically macrophages are voluminous, their sizes vary under different 
� circumstances. There are numerous ribosomes, marked vesicular and vacuolar 
structures, predominant nucleated structures, amorphous material and phagocytic 
deposits of fat. The membrane is surrounded mostly by electron-dense bodies which 
exhibit acidic phosphatase a c t i v i t y 7 9 . 
For the enzymes histochemical identification reactions the following methods 
proved reliable : acid phosphatase detection incorporated an azo-dye coupling 
method, non-specific esterase detection using a-naphthylacetate, adenosine 
triphosphatase detection and alkaline phosphatase detection with azo-dye coupling 
using a-naphthyl phosphate. These methods were adapted from Bancroft^^. 
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Another assay method is the immunocytochemical characterization of the 
macrophages, which is very commonly employed in r e s e a r c h 8 1 ， 8 2 it is a method 
using the binding of monoclonal antibody and it will be described in detail in the 
following section. Because macrophages from different organs and different 
anatomical sites within one species differ from one another, N i b b e r i n g S l showed the 
differentiation of monocytes and the macrophages by describing the intensity of 
antigen expression of the antibody. This is based on the fact that the amount of the 
final immunocytochemical enzyme reaction product is proportional to the amount of 
cell antigen. Very recently Orrell et al^^ even used a tedious and complicated 
method by semiautomated image analyzer to measure macrophage and to 
differentiate the spectrum of color staining. 
5.1.2 Avidin - Biotin enzyme complex assay 
The ABC (Avidin : Biotinylated Enzyme Complex) technique was developed 
by Su-Ming Hsu^^ and associates for localizing specific antigens and other markers. 
The StreptABComplex method is similar to the ABC method (F ig .25 )84 and they 
are used interchangeably in most applications. Three reagents are used, the first is a 
primary antibody specific for the antigen to be localized, the secondary antibody, 
capable of binding to the first, is conjugated to biotin, the third reagent is a complex 
of peroxidase conjugated biotin and streptavidin. The Avidin-biotin interaction has 
the strongest known noncovalent biological recognition between protein and ligand. 
The bond formation is unaffected by extremes in pH, organic solvents and other 
denaturing agents. Streptavidin/Avidin's 4 binding sites and biotin's ability to be 
conjugated to many sites on one protein allow the ABC complex to form. Because 
the signal is composed of many enzymes it is significantly amplified. Hence the 
avidin-biotin interaction has provided researchers with a unique tool for use in 
immunoassays, receptor studies and immunocytochemical staining etc. 
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Fig.2S Avidin-biotin assay complex in immunochemical staining 
* From S.J.Naish," Handbook of immunochemical staining methods". 
In the study the primary antibody, is a monoclonal anti-rat 
macrophage which recognizes a membrane antigen present predominantly on tissue 
macrophage of rat. Monocytes, dendritic cells, lymphocytes and granulocytes are 
negative for ED2. The second antibody, the biotinylated rabbit anti-mouse 
immunoglobulin reacts with all mouse IgG subclasses and mouse IgM, and will 
probably also react with other mouse immunoglobulins via their light chains. It 
utilizes the high affinity of streptavidin for biotin and requires a biotinylated antibody 
as a link antibody. Biotinylation is a mild process, whereby biotin is covalently 
attached to the antibody. Open sites on streptavidin complex bind to the biotin on 
the link antibody. Streptavidin has an isoelectric point at about neutral pH and low 
carbohydrate content, thus, non-specific ionic interactions are avoided. Like avidin, 
Streptavidin is highly resistant to denaturation by acids or proteolytic enzymes. 
5.2 Methods 
Treatment regime was referred to in chapter 3.3 and there was 150 rats in 5 
groups. Each group had 30 rats and this allowed 5 rats to be allocated to each 
sacrifice period. The right tendoachilles were used for immunochemical assessment 
and morphometric analysis. 
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5.2.1 ABC method 
The concept of avidin-biotin method is e m p l o y e d 8 4 (Appendices C & D). 
Both avidin, isolated from egg white, and streptavidin, isolated from the 
microorganism Streptomyces avidinii, are used interchangeably in most applications. 
In the study StreptABComplex method was used. The tissue block was prepared as 
in histological examinations. Each thin tissue section was gelatin-coated, 
deparaffinized and rehydrated again. Trials on optimal antibody dilution were done, 
which were based on the intensity of the antigen staining and the amount of 
background staining. Trypsinised slides were tried as well to determine the effect of 
trypsin on the end-product colour formation. 
After preparation, the slides were then incubated with ED2 (Serotec, UK, 
MCA 342, 1/70 dilution) which recognized rat macrophage. Slides were then 
washed in Tris buffered saline (TBS) and incubated with biotinylated goat anti-
mouse immunoglobulin (Sigma, #B7151, 1/250 dilution) diluted in TBS. After 
washing with TBS, they were incubated with Strept-ABComplex/HRP (Dakopatts, 
Denmark) and rinsed again in TBS and peroxidase substrate solution (DAB) was 
added. The slides were then washed in distilled water, cleared and counterstained 
with Mayer's Haematoxylin (Appendix A). It was used as a progressive stain using a 
short staining time to avoid staining of any cytoplasmic components which would 
otherwise interfere with the brownish end product. Both positive and negative 
control sections were proceeded together with the specimens to assure the accuracy 
of the results. The parallel histological slides which were known to have 
macrophages by haematoxylin staining were used for the positive control. Negative 
controls were set-up where the monoclonal antibody was replaced by diluted normal 
rabbit serum. 
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5.2.2 Morphometric analysis of tissue sections 
The positive cells were stained as brownish pigments and counted by a 
magnification of 400x. In case of doubt when doing the counting, the sections would 
be crosschecked with the corresponding haematoxylin slides and a pathologist, the 
second observer, would be consulted. Within each section ten random fields of high 
cellular densities were chosen and counted for the presence of macrophages. The 
labeled cellular infiltrate within each serial section was assessed by point counting 
using a square grid of 121-point graticule in the eyepiece of an Ortholux microscope 
(Leitz, Dialux 22). Individual slides were counted twice to countercheck the number. 
The percentage area of each section occupied by cells of a particular antigenic 
specificity was calculated as follows : 
No. of positive cells under grid intersections 
Percentage area infiltrated = 100 % x 
Total number of grid intersections 
The accuracy of the technique is proportional to the number of points 
c o u n t e d 8 6 . Point counting throughout the study was performed by a single observer. 
A total of approximately 18150 points were thus assessed in the study. Results were 
expressed in graphs 1 & 2 as the percentage areas of the tissue section infiltrated by 
the macrophages ( +/- SEM ) . 
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5.2.3 Statistical method 
Looking at graph 3, the results were not a linear model and to statistically 
analyze the area infiltrate data, a two-way analysis of variance using the SPSS 
package was done (Table 2). Factors included the treatment groups ( PEMF 46Hz, 
& 15Hz，PMF 50Hz & 17Hz and the control )，the time variable and the group and 
time interaction effect. A Dunnett test was used to compare means of significant F 
ratios in different groups against the control. Statistical significance was declared at 
P<0.05. 
5.3 Results 
5.3.1 Immunochemical results 
The histological pictures were already presented in chapter 4 and this chapter 
mainly focused on the immunochemical picture of the specimens. Positive staining 
were obtained for the macrophages when they were stained brownish. The following 
figures were those typical immunochemical pictures of the specimens. 
Fig. 26 Section of low background staining, occasional macrophages，M were seen. 
Polymorphs P were the dominant cell type in this section (control, dayl, x400 ). 
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Fig. 27 The fibers degraded in acute phase and occasional macrophages M 
were detected ( control, 2 hrs. post injury, x400 ). 
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Fig. 28 Micrograph showing the typical picture of macrophages M and lymphocyte L 
at day 3 (PEMF 46Hz, x400 ). 
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Fig. 29 The macrophage population M was increasing and lymphocyte L was seen 
—subacute inflammatory changes (PEMF 15Hz, day3, x630 ). 
Fig. 30 Macrophages M were still prominent at day 7 (PMF 50Hz, x630 ). 
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Fig. 31 Fibers were aligning with residual macrophages M observed. However unspecific 
staining for the highly charged collagen, C was also produced in the section. 
(control, day 14, x400 ) 
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Fig. 32 Micrograph demonstrating the healing picture of the section. Macrophages were J 
rarely seen and fibroblast F was the dominant cell type (PMF 17Hz, day28, x400). | 
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5.3.2 Morphometric results 
Table 1 : Analysis of variance for macrophage infiltration 
Source^ df F P level 
Group 4 2.37 .057 
Day 5 96.86 .000^ 
Interaction 20 2.288 .003^ 
Total 149 
a Significant at 0.05 level 
b Source : Group (Treatment gps); Day (Sacrifice period post injury) 
Interaction (Group and day interaction). 
The results of the 2-way ANOVA showing the effect of day, treatment 
groups and the interaction effect between the variables on the macrophage infiltrate 
are shown in Table 2. Generally the larger the F value the more significant among 
the variances of the groups. The results clearly showed that the day variable 
contributed significantly ( p<0.005 ) to the macrophage infiltrate. That meant the 
number of infiltrated macrophages found on the tissue sections differed significantly 
from day to day. As for the treatment effects, it showed that the group variable had 
its P value at 0.057 only. Yet the interaction between the group and the day 
variables was significant ( p<0.005 ). It signified that there was a group effect at 
certain intervals of time. Obviously the day and the interaction variables were the 
predominant factors in affecting the infiltration of the macrophages ( p<0.005 ). 
From Graph 3, the total cell count for the macrophages rapidly increased to 
its peak by the first week and it came down gradually afterwards. At 2 hrs. post 
injury the average area +/- SEM of macrophage for the control group was (1.09+/-
0.56); for PMF 50Hz (0.71+/-0.47); 17Hz (0.46+/-0.16); for PEMF 46Hz (0.74+/-
0.21) and for 15Hz (0.55+/-0.23). At day 3, PMF 17Hz produced a marked transient 
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increase in the macrophage population as compared to the control group. It also had 
its peak macrophage counts in this period which were ten times higher than its value 
at 2 hrs. post injury. All other groups carried their peaks at day 7 and they were not 
significantly different from the control group. At day 14，PEMF 46Hz got its 
minimum area infiltrate (1.88+/-0.37) with p<0.05 against the control, i.e. the 
interaction between day and group played effect here. The cell count for PEMF 
46Hz remain unchanged until the end of the experiment. As for the other groups 
they reached their minimal macrophage counts at the end of the experiment and their 
values were approximately two- to four-fold as compared to the starting of the 
experiment. 
Overall the control group usually got its range in the middle among the 
group results (Graph 3) whereas PMF 50Hz had higher macrophage counts in the 
trend and PEMF 15Hz usually produced values on the lower side. In the initial first 
day and at the end point of the experiment, the macrophage counts in all the groups 
were not significantly different ( p>0.05 ) and only at day 3 PMF 17Hz showed 
marginal significant results ( p<0.1 ) and PEMF 46Hz at day 14 demonstrated 
significantly different results ( p<0.05 ) from the control groups. Yet at the end of 
the experiment the macrophage count was significantly higher than that at 2 hrs. post 



















































































































































































































































































































































































































































































5.4 Discussions ： 
In StreptABC method, Horseradish p e r o x i d a s e 8 4 ， i n the presence of a 
hydrogen peroxide (substrate) and a chromogen DAB provides the indicator system 
to visualize the location of antibody by precipitating at the surface of antigen. The 
amount of chromogen precipitated and therefore the intensity of the reaction is 
proportional to the amount of antigen present. The intensity of color formation 
could be used to trace the lineage of the monocyte-macrophage system which was 
not the aim of the study. 
In the study the specimens were tried on trypsin to see whether the 
proteolytic enzymes exposed the antigenic sites more, so resulting in more intense 
staining. However the findings were not satisfactory and the color formation was 
even decreased. Hence this method was abandoned. Fair indirect immunoperoxidase 
staining was achieved with ED2 and sometimes unspecific staining were obtained. 
The antibodies were occasional nonspecifically absorbed to the highly charged 
collagen and sometimes rarely to the vessel endotheliums. This nonspecific staining 
was not confined to a single cell, but involved groups of cells with no particular 
pattern and this could be distinguished from the specific macrophage staining. In 
interpretations of the slides such kinds of artifacts together with the unwanted effects 
from tissue processing, say prolonged tissue fixation, and trapping of reagents when 
the tissues were folded should be eliminated. This problem could also be solved by 
examining the parallel histological sections. 
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The antibody ED2 was found to direct against the membrane antigens on the 
tissue macrophages. The brownish staining of the macrophages with ED2 enhanced 
the microscopic counting in the morphometric analysis. Point counting provides an 
easy and reliable statistical method for assessing the positive infiltrate cells. The 
pictures with immunochemical staining for the macrophages correlated well with the 
standard haematoxylin staining of the tissue sections. At first the macrophage 
population was very little. Some inactive macrophages, which were difficult to 
visualize in histological sections, might already be present in the connective tissue. 
At the beginning of the injury macrophages began to increase in numbers till day 3 to 
day 7 and afterwards the macrophage populations started to decrease and 
inflammation gradually resolved. It was noticed that as macrophage infiltration 
increased the polymorphs population began to decrease. The rate of macrophage 
infiltration was quite prominent in the initial few days. Later on some late 
inflammatory cells, say the plasma cells and the lymphocytes started to appear. This 
also demarcated the resolution of acute inflammation. 
From the ANOVA results time was quite an important factor in affecting the 
total macrophage counts. In the study inflammation gradually progressed and healed 
with the natural history, in the absence of pathogens, foreign bodies or the chronicity 
nature of the injury. However the significant interaction effect between the day and 
the treatment group also signified that certain treatment frequencies contributed 
effects at certain intervals of time. At day 3 PMF 17Hz showed a higher macrophage 
counts than other groups as compared to the control. PMF 17Hz might modulate the 
macrophage mobilization and the sections were found to start resolution earlier. By 
the 2nd week of the experiment, PEMF 46Hz was found to have significant lower 
macrophage counts than the control and fibroblast activity was found to be quite 
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active on the sections. In turn fibroblast activity might be modified by exposure to 
the PEMF and this was documented in s t u d i e s 6 ， 2 9 ， 3 9 jhe presence of interaction 
effect suggests the clinical uses of PEMF and PMF in soft tissue inflammation and 
with proper combinations their effect will be optimized and this require further 
investigation of standardized treatment protocol. 
In the trend, PEMF 15Hz produced persistently lower macrophage counts 
whereas PMF 50Hz produced higher macrophage counts at this stage of 
observations. Though their values were not significant enough, their effects would 
be better explored by increasing the sample size in each periods. Nevertheless higher 
macrophage counts might signify a better mobilization of macrophage which would 
in turn activate the specific immune responses of the body and decreased 
macrophage might be accompanied by lymphopenia which had relevance to 
immunocompetency of cell-mediated immunity as seen in hypersensitivity reactions. 
At the end point of the study there was no longer active inflammation and all the 
sections were undergoing resolution and this explained the result that macrophage 
counts were not significantly different among the groups. Overall the length of study 





6 . 1 . Water content 
6.1.1. Introduction: 
Inflammation and repair are parts of the response to injury. The inflammatory 
phase starts immediately after injury and it aims at the restoration of a normal 
function. It is often accompanied by increased blood flow in the inflamed tissue and 
leakage of plasma and protein into the interstitial space. Edema appears to retard 
healing and controlling the edema formation may aid in tissue oxygenation and 
cellular repair. Malnutrition and poor vascular supply will hamper tissue healing. 
Clinically PEMF is a common therapeutic modality in the treatment of soft 
tissue inflammation. Increasingly PMF is investigated on its biomedical effects on the 
connective tissues. If the ionic interchange and the cell membrane potential could be 
modified by the field therapies, they may help the resolution of inflammation. 
Various authors like Mizushima^^, Zecca^ found inhibition of inflammatory edema 
by exposure to pulsed electromagnetic field. Fenn^^ produced an acceleration in the 
hematoma resolution with pulsed electromagnetic field. In the studies of Bassett^, 
Braun^l，Patton^^，Silverman54 and Lau, they all found significant enhancement in 
the circulation in the presence of pulsed electromagnetic fields. All these studies 
gave an insight on the effect of pulsed electromagnetic / magnetic field therapy on 
soft tissue inflammation, so in the point that they could influence the edema 
formation and the circulatory condition, the field therapy was utilized to treat 
inflammation. 
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In this study, pulsed therapy was used to avoid the thermal effect of the 
continuous field and its effects on the biomedical process is investigated and the 
effects of PEMF and PMF on tendon inflammation were compared. Since the 
settings employed by previous studies ranged from 15Hz to 2400Hz and the 
intensity from 2 Gauss to 120 Gauss, some of the protocols were considered and the 
settings used formed a standardized regime in the parallel study of an integrated 
investigation for field effect on tendon inflammation. 
6.1.2 Methods 
The left tendoachilles were used for study of total water content, each group 
had 36 rats and each period had 6 rats, totally there were 180 rats (1 data was 
missed, so 179 data were analyzed). All subjected to the same treatment regime as 
described in previous chapter 3.3. 
6.1.2.1 Water content measurement: 
Acute inflammatory reaction consists essentially of vascular dilatation and 
alteration of vascular permeability. Water content provides a reflection on the degree 
of inflammatory pictures. After the rat was sacrificed the left tendoachilles was 
retrieved for water content assessment and non-ligamentous tissue was removed by 
careful scraping and dissection. The tendon was weighed with an electric balance 
(Mettler; AE160). Afterwards it was put into a lyophilizer (Labconco; freeze-dryer 
8) for 24 hours and the lyophilized tendon was weighed again. Then the wet weight 
and the lyophilized tissue's weight were compared^. 
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6.1.2.2 Statistical method : 
The net weight of the water content of the tendon was obtained from 
subtracting the tendon's wet weight with the tendon's lyophilized weight. In order to 
have a normal distribution for the raw data of the wet weight and the net weight of 
the water content, logarithm was taken and their relation with time after injury was 
shown in Graph 4 and Graph 5 respectively. Looking at Graphs 4 & 5, the results 
were not a linear model and to statistically analyze the water content data, a two-
way analysis of variance using the SPSS package was employed and the results for 
the dependent variables of the water content and the wet weight of the tendon were 
shown in Table 3 and Table 4. Factors included the treatment groups ( PEMF 46Hz, 
& 15Hz，PMF 50Hz & 17Hz and the control ), the time variable and the interaction 
between the group and time variable. Statistical significance was declared at P<0.05. 
A Dunnett test ( Tukey pairwise comparison ) was done to compare the means of 
the significant F ratios. This test was used to strictly compare each treatment group 
against the control at different intervals. Generally the larger the F value the more 
































































































































































































































































































































































































6.1.3 Results ： 
The graph for wet weight and the water content of the tendon followed 
roughly the same trend as shown in Graphs 4 & 5. 
Table 3 : Analysis of variance for tendon's wet weight 
Source^ df F P level 
Group 4 2.97 .02 la 
Day 5 20.39 .000^ 
Interaction 20 1.81 .024^ 
Total 178 
a Significant at 0.05 level 
b Source:Group(Treatment groups);Day(Sacrifice period post injury). 
Interaction (Group and day interaction ). 
From Table 3, 2-way ANOVA showed clearly that different groups 
contributed significantly ( p<0.05 ) to the wet weight of the tendon, i.e. there was a 
group effect on the outcome of the wet weight. Obviously the day variable was quite 
a prominent factor in affecting the wet weight of the tendon ( p<0.005 ). Here a 
significant effect was also observed for the interaction between day and group 
variables ( p<0.05 )，which implied that at particular intervals of time certain 
treatment frequencies demonstrated quite significant effects on the wet weight 
outcome. Similar pictures could be seen in the water content of the tendon as shown 
in Table 4. 
Table 4 : Analysis of variance for H20 content in tendon 
Sourceb df F P level 
Group 4 2.94 .022a 
Day 5 26.80 .000^ 
Interaction 20 2.05 .008a 
Total 178 
a Significant at 0.05 level 
b Source:Group(Treatment groups); Day(Sacrifice period post injury) 
Interaction (Group and day interaction). 
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Just like the result of the wet weight, the group and the interaction effects 
showed significant results ( p<0.05 ) whereas the day variable was obviously a 
prominent factor ( p<0.005 ) in affecting the wet weight outcome. 
Graphs 4 & 5 showed a general trend that both the wet weight and the water 
content of the tendon increased sharply from the day of injury to that on the first day 
after injury. The rate of increase then slowed down and carried its peak at day 3 post 
injury. Afterwards the water content decreased progressively up to the end point of 
the experiment. It could be broadly said that water increased in the acute tendinitis 
phase and dropped gradually with time after the onset of sub-acute inflammation. 
If the data were pooled together and analyzed, the overall results for the wet 
weight and water content for all the five groups were shown as below : 
Table 5 : Results for the wet weight of the tendon, 
means & standard errors ( in lO'^gm) 
n = 3 6 n = 3 6 n = 3 6 n = 3 5 n = 3 6 n = 179 
PEMF 46Hz PEMF 15Hz PMF 50Hz PMF 17Hz Control All groups 
Mean 776.5 730.5 737.9 738.3 812.3 759.2 
S.E.M. 28 ^ ^ ^ ^ 12 
Table 6 : Results for the water content of tendon, 
means & standard errors ( in 10-5 gm) 
" " “n = 3 6 n = 3 6 n = 3 6 n = 35""“ n = 3 6 n = 179 
PEMF 46Hz PEMF 15Hz PMF 50Hz PMF 17Hz Control All groups 
Mean 520.4 ^ 484.8 486.9 540.6 504.2 
S.E.M. 22.4 16.7 21.5 19.1 22.5 9.2 
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Tables 5 & 6 showed that the control groups had the highest overall means 
whereas the PMF groups generally showed a lower values in the water content 
study. A Dunnett test (pairwise comparison) was done to compare the results of the 
different treatment groups with the control, there was however no statistical 
difference at 5 % level of significance between both PMF and PEMF groups with the 
control. 
If the data series for the first 2 hour post exposure was eliminated and the 
Dunnett group comparison test was done again, PMF 17Hz showed a 5% level of 
significance whereas the other treatment groups had a level of significance >5% 
when they were compared with the control group. PMF 17Hz obviously showed a 
better result than the control group in this aspect. For the results eliminating those 
from the first 2 hrs. the control had the highest wet weight ( 854.5+7-27.6 ) xlO" 
5gm. and the highest water content ( 573.9+/-22.2 ) xlO'^gm when compared with 
the treatment groups. PMF 17Hz had the least wet weight ( 755+/-25.7 ) xlQ-^gm 
and the least water content ( 496.9+/-20.7 ) xlO'^gm. The overall population had the 
wet weight as ( 795.9+/-11.6 ) xlO-5gm and water content as ( 530.7+/-9.2 ) xlO" 
In order to compare the treatment groups with the control, the results for the 
water content +/- S.D. are shown in Graphs 6-7. As the graph for the wet weight of 
the tendons followed similar trends they were not presented here. Graphs 6-7 show 
that the water content continued to increase till day 3 to day 7. The control group 
had the largest rate of increase in the first day post injury and it had its water content 
peaked at day 7. 
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Graph 6 ： PEMF versuscontrol for water content In tendon 
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For the PMF groups (Graph 7)，PMF 50Hz showed significantly lower water 
content in the first 2 hrs. post injury as compared to the control group. At day 7， 
there was also a significant difference in the water content ( p<0.05 ) between the 
control group and PMF 50Hz and after the second week of injury, the water content 
of PMF 50Hz was not significantly different from that of the control group. On the 
whole PMF 50Hz had quite satisfactory results in the suppression of the 
extravascular edema during the early inflammatory phase and the result was most 
prominent at day 7. PMF 17Hz got similar trend with the control. There was an 
obvious trend that PMF 17Hz produced consistent lower water content throughout 
the whole period though none of the discrete intervals were significantly different at 
the 5% level of significance. This might be due to the breakdown in sample size for 
Dunnett comparison test. 
As for the PEMF groups, the initial water content for the treatment groups 
was similar to the control group. At day 3 PEMF 46Hz was associated with a 
significantly higher water content than its other periods and it decreased afterwards. 
Again the control group showed a higher water content throughout the study. In the 
later phase PEMF 46Hz consistent lower water content in the trend though not 
significant at level of 5% significance. PEMF 15Hz also seemed to have lower water 
content till day 14 and at the end point of the experiment it had a similar water 
content to the control. 
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6.1.4 Discussions ： 
A general phenomenon was observed --- the water content increased sharply 
within the first day after injury and it continued to increase up to day 3 or more, and 
it dropped gradually afterwards. It could be broadly said that water increased in the 
acute tendinitis phase whereas the water content dropped gradually with time after 
the onset of sub-acute inflammation. The pattern of the rise and fall was similar in 
both the water content and the wet weight parameters. It was clear that the water 
content bore a direct relation to the wet weight of the tendon in the acute 
inflammatory phase. The physical escape of the fluid was largely concerned with the 
alterations in the vascular permeability, the microcirculation, the balance of 
hydrostatic and osmotic pressures and, possibly, direct vascular i n j u r y 7 8 Because of 
the possible anti-inflammatory a c t i v i t y 5 , 4 7 ， P E M F and PMF groups might shorten 
the period of edema or they decreased the intensity of edema formation by 
facilitating the water reabsorption. 
From the results water content decreased after the onset of sub-acute 
inflammation, which was the natural process of the body mechanism. The ANOVA 
results demonstrated that both the time and group were significant factors in 
influencing the outcome of the water content and the wet weight of the tendon. At 
this time the data does not confirm use clinically. Among the groups, PMF 17Hz 
showed the best result in the suppression of edema in the extravascular component 
throughout the study. The other treatment groups still had lower water content and 
lower wet weight than the control. A more helpful picture will be obtained if the 
sample size of each group is increased and the potential value of the field therapies 
may then be judged. 
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When a Dunnett pairwise comparison was done for all the treatment groups, 
there was no statistically significant result for PMF or PEMF groups. However as 
previously mentioned, if the data series for the first 2 hour post exposure period was 
eliminated, PMF 17Hz showed statistical significant result when compared with the 
control group in reducing the edema formation. This implied that there was no 
immediate treatment effects that would abolish the injury intensity in such an abrupt 
degree. Initially the direct vascular injury dominated the treatment effect in which the 
animals had just received one treatment session only. In later time when the animals 
received more treatment and they were given more time for treatment effect to 
manisfest, the effect came into play and statistical results were shown. 
Since PEMF 46Hz showed the highest water content in the acute 
inflammatory phase whereas PMF 50Hz had the same picture at the end of the 
experiment. A hypothesis can be formulated that different frequency may act 
selectively and may have differential effects on different phases of inflammation. To 
follow that, it is suggested to set a frequency combination in the following ways. The 
same experiment will be carried out with three different frequency settings. First, the 
tendon is being treated with PEMF 46Hz for 7 days and followed by PMF 50Hz 
from the first week onwards up to the end of the experiment. In the second 
experiment the tendon is being treated with PMF 50Hz for 7 days again and then 
treated with PEMF 46Hz onwards up to four weeks, i.e. to the end of the 
experiment. In the last experiment a control group is included in which no treatment 
is given. The results of these three groups are then compared to see whether the first 
combination produces the worst result and the second combination gives the best 
result. The assumption will then be verified. Hence the frequency setting could be 
adjusted selectively in order to achieve an optimal healing for the tendon. 
78 
Furthermore, the normal range for the tendon's wet weight and the water 
content were shown in Table 7 and Table 8 respectively. As for the normal tendon, 
the same experiment was carried out and the results were listed together with the 
treatment groups at day 28 as below. It was calculated so as to compare the data 
obtained with that in the period of day 28 and this was a way to reflect the resolution 
of tendon inflammation at the end point of the study. 
Table 7 : Wet weight of the groups at day 28 as compared to the normal, xlO-5 gm. 
each cell has sample size = 6, ( mean & its standard error ) 
X 0.000Igm PEMF 46 PEMF 15 PMF 50 PMF 17 Control Normal 
Mean 698.5 737.8 793 641.2 762 591 
S.E.M. 40.4 37 54.5 49.3 35.1 32 
Table 8 : H20 content of the groups at day 28 as compared to the normal, xlO'^ gm. 
each cell has sample size = 6，（ mean & its standard error ) 
xO.OOOlgm PEMF 46 PEMF 15 PMF 50 PMF 17 Control Normal 
Mean 408 455.5 495.8 374.8 459.3 327 
S.E.M. 24.9 25.5 40.5 35.9 16.2 24 
Tables 7 and 8 illustrated that the PMF 17Hz was the group which mostly 
resembled the normal tendon. The corresponding descending order was PMF 17Hz; 
PEMF 46Hz; PEMF 15Hz; control and then PMF 50Hz. The trend was quite similar 
when analyzed at different discrete intervals (Graphs 6-7). Except at day 7 PMF 
50Hz had a significantly lower water content when compared to the control and 
PMF 50Hz might act selectively well in the early period. 
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Aided by the previous histological and immunochemical studies, the tissue 
sections were already in the proliferative to maturation phases of repair at day 28. 
The water content study could give another facet to the whole picture of the 
inflammatory aspect. On the whole the end point of the experiment was adequately 
set on the fourth week post injury when studying the acute and the sub-acute phases 
of the inflammation. If a longer period, say about 12 weeks, it may give a 
comprehensive picture on the tendon healing as well. The collagen study in the 
following section however could add more insights on the field effect too. As 
collagen was gradually deposited in the reparative stage, this might influence the wet 
weight data of the tendon. 
When comparing with the results of Zecca^, the PMF 50Hz group was 
confirmed to have a significant decrease in edema volume in the acute model but not 
in the late inflammatory phase as in day 14 and day 28. Mizushima^^ also produced 
an effect in the control of edema in the first 7 days. Our results also demonstrated 
the benefical effects by PMF 50Hz in the early period especially up to day 7. Though 
different authors used different intensities positive findings were observed for PMF 
50Hz in the acute model. It is also worthwhile to try PMF 17Hz in edema 
application because this frequency produced a significant and the most superior 
result / trend in our study. Besides PMF 50Hz, we did find that PEMF 46Hz acted 
selectively well in the chronic model and this frequency may be used for suppressing 
edema in the chronic inflammatory type. As there were s t u d i e s ; 1,52,54 showing the 
better enhancement in the circulation by PEMFs, our results that the treatment 
groups had lower water content in the trend throughout the study period still flow 
insights on the clinical uses of the field therapy on controlling edema in tendon 
inflammation. 
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6.2 Total collagen content 
6.2.1 Introduction 
Tendon is a roughly uniaxial composite composed exclusively of collagen 
fibrils in matrix. The fibers vary from 1-20 microns in diameter. Collagen is more or 
less passive scaffold serving mainly to provide support for the extracellular matrices. 
It gives the tissues their basic form and tensile strength. Failure to restore the matrix 
collagen framework after injury weakens the tissue whereas excessive collagen 
production stiffens the tissue. However the turnover rate of collagen which 
comprises of degradation and synthesis is poorly documented. In the early phase of 
inflammation collagen breakdown occurs, but as time goes by the synthetic rate 
overrides the rate of degradation and the collagen content increases with time when 
healing progresses. So the collagen content assay provides a healing picture for the 
soft tissue inflammation. 
6.2.1.1 Hydroxyproline as an indicator for collagen content assay 
The protein subunit, tropocollagen, that polymerizes to form collagen fibrils 
is an elongated molecule consisting of 3 polypeptide chains. The principal amino 
acids composing collagen are glycine (about one-third), proline (12%) and hydroxy-
proline (10%)87 etc. It is the only protein containing an appreciable amount of 
hydroxyproline (HP). HP is a convenient analytical marker for collagen because it 
occurs in only one other structural protein, elastin, and in much lesser amounts. 
Hence the various methods in collagen content assay are all based on the assessment 
of HP content. 
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Miyata^^ studied the uptake of HP by gas chromatography / mass 
spectrometry including (GC/MS) a selected ion-monitoring technique following high 
pressure liquid chromatography (HPLC) whereas Maher89 used labeled ^H proline 
for studying uptake. Molnar^^ studied synthesis and degradation by labeling. 
Recent researches usually employed HPLC + gel electrophoresis or GC/MS which 
could study the collagen typing as well. As for total collagen content assay the most 
common model is the hydrolysis m e t h o d 9 ， 2 6 ， 2 7 ， 2 9 , 9 1 jhey were modified from the 
method of Leach^^ and Woessner^^. Colorimetric determination by spectro-
photometer was followed. The total collagen study including the synthetic and 
degradation rate could provide a generalized picture on collagen metabolism. In a 
study of collagen fiber distribution, Lovell^^ used an automated amino acid analyzer 
for the hydrolysate assay. A simpler method of modified Woessner procedure was 
adopted in our study. 
6.2.2 Methods 
The treatment regime was referred to in chapter 3.3 and there was 150 rats in 
5 groups. Each group had 30 rats and this allowed 5 rats allocated to each sacrifice 
period. As 1 data was missed, so only 149 data were analyzed. The left tendoachilles 
were used for total collagen content assay. 
6.2.2.1 Hydrolysis method 
The total collagen content is determined on the basis of the hydroxyproline 
(HP) content. The specimens were first extracted by hydrolysis in 6N hydrochloric 
acid, the collagen content of the extracts was estimated by spectrophotometric assay 
f o r H P a t 5 5 7 n m 2 6 , 9 3 
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Specimens were first weighed and each tendon was divided into two 
portions, each served as a countercheck for the other's result. Each portion was 
introduced into a vacuum hydrolysis tube followed by 6N hydrochloric acid. 
Vacuum and high purity nitrogen gas was alternatively flushed into the hydrolysis 
tube via a three way stopcock to provide an inert atmosphere. The tubes were then 
heated in a Reacti-Therm heating module at 130^ C for three hours (Appendix H). 
Afterwards the hydrolyzate was pipetted out and the tubes were washed thoroughly 
with water and theoretical amount of 2.5N NaOH was added to neutralize the 
content. Final adjustments were made with dilute HCL and NaOH to achieve a pH 
of 6-7. The final solutions were prepared to have l-5ug hydroxyproline in 2 ml 
portion for spectrophotometric assay ( Appendices E & F ). 
6.2.2.2 Standard-curve preparation 
A series of standards containing 0-5ug hydroxyproline in 2 ml volume was 
prepared each time. Chloramine T was added to 2 ml portions of the samples in a 
predetermined sequence to oxidize hydroxyproline and followed by perchloric acid 
to destroy the excess chloramine T. p-Dimethylaminobenzaldehyde was then 
introduced into the mixture to form a colored product. The absorbancies of the 
solutions were determined with Gilford spectrophotometer at 557mu and each 
solution was read three times to crosscheck the readings. If one of the readings 
deviated from the others by more than 10%, the readings were discarded and the 
mean of the readings was taken to be the absorbancy of the solution. The 
hydroxyproline values were determined directly from the standard curve ( Appendix 
G). 
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6.2.2.3 Statistical method 
The hydroxyproline content of the tendon was calculated from the above 
procedures. Using the 7.46 conversion f a c t o r 9 ， 2 9 ， 9 5 from hydroxyproline to 
collagen, the content of the collagen was obtained ( i.e. collagen = 7.46 x HP 
content ). Again a two-way analysis of variance was done to statistically analyze the 
collagen data (Table 9). Factors included the treatment groups (PEMF 46Hz, & 
15Hz, PMF 50Hz & 17Hz and the control), the time variable and the group and time 
interaction effect. Generally the larger the F value the more significant are the 
variances of the groups. A Dunnett test was done to compare the means of variance. 
Statistical significance was declared at P< 0.05. 
6.2.3 Results 
Table 9 : Analysis of variance for collagen content 
Sourceb df F P level 
Group 4 1.52 .200 
Day 5 8.21 .000^ 
Interaction 20 2.26 .004a 
Total 148 
a Significant at 0.05 level 
b Source:Group(Treatment groups); Day(Sacrifice period post injury) 
Interaction (Group and day interaction). 
The results of the 2-way ANOVA on Table 9 showed that the P level for the 
group variable was 0.2 which was not significant and for both the interaction and the 
day variables they contributed significantly ( p<0.05 ) to the outcome of the collagen 
content. The significant interaction effect signified that at certain interval of period, 
the group variable had effect on the collagen content. 
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Graph 8 showed the overall picture of collagen content in each period of 
time for the 5 groups. Generally the initial total collagen content dropped rapidly till 
about day 3. It remained at that level or had a slow rise for a short period of time. 
The control showed a greater drop in the trend in collagen content than the other 
group in day 3. This was significant as compared to its starting value at 2 hrs. post 
injury. Afterwards there were more collagen deposition than degradation in all the 
groups and the total collagen began to climb up and by the end of the experiment the 
rate of increase slowed down again. 
The results for the collagen content for PEMF and PMF versus the control 
are shown in Graph 9 and Graph 10 respectively (+/-S.E.M.). For the PEMF groups, 
they generally produced higher collagen content on the whole, though not 
significantly enough at 5% level of significance. PEMF 46Hz followed a similar 
trend to the control yet the degradation rate seemed lesser and after day 3 it 
continued to increase in collagen content. It was the only group which in the trend 
continued to increase in collagen content even by day 28. By the end of the 
experiment the total collagen content was not significantly different from that at the 
beginning. On the other hand it was interesting to note that PEMF 15Hz showed 
minimal fluctuation in the total collagen content. Even in the first three days the drop 
in collagen content was hardly detected and it was not significant at all. At day 3 it 
had marginal significant higher value (p<0.1) in collagen content than the control 

































































































































































































































































































As for the PMF groups, PMF 17Hz demonstrated similar rise and fall in the 
collagen content as in the control group. Again the fall in collagen content was not 
as abrupt as in the control. It producd quite consistently higher values than the 
control throughout the study though not significant at 5% level of significance. The 
rate of increase in the content was slowing down from day 14 onwards. The rate of 
synthesis of the control group slowed down from day 14 onwards. PMF 50Hz had a 
slight change in collagen content only. At day 3 its collagen began to increase and 
there was a slight drop in the collagen content by day 14. This was not accountable 
by statistical difference and this drop might be due to the interindividual variances on 
sampling. By day 28, the collagen content was similar as day 7 and it made no 
significant difference with the starting value at 2 hrs. post injury. 
Table 10 : Results for the collagen content of the tendon, 
means & standard errors ( g/1 g dry weight) 
n = 3 0 n = 30"" “ " " “n = 2 9 n = 30 I n = 30 I n = 149 
PEMF 46Hz PEMF 15Hz PMF 50Hz PMF 17Hz Control All groups 
Mean 0.644 0.646 0.629 0.653 0.62 0.638 
S.E.M. 0.009 0.009 0.011 0.012 0.018 0.006 
If the data were pooled together and the overall results for the collagen 
content of the tendon for all five groups were considered, the results were shown as 
above. Table 10 showed that the control group had the least overall means whereas 
the PMF 17Hz produced the highest (collagen content / unit tissue dry weight) 
among the groups. Both PEMF 46Hz and 15Hz gave higher collagen content as well 
(0.644+/-0.009 & 0.646+/-0.009 respectively ). A Durmett test (pairwise 
comparison) was done to compare the results of the different treatment groups with 
the control. However there was no statistical difference at 5% level of significance 
between both PMF and PEMF groups with the control. 
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6.2.4 Discussions 
The tendon is maintained by the tenocyte's production of collagen, which has 
a turnover time of 50 to 100 days^^. Though the level of collagen synthesis is quite 
constant after maturation, the body must be able to increase collagen and matrix 
production in response to injury or increased loading. In the study a general 
phenomenon was observed --- immediately after the trauma the degradation rate 
exceeded the rate of synthesis and the total collagen content decreased. By day 3 the 
rate of synthesis gradually increased and the rate of decline in collagen slowed down. 
As seen in the histological sections many of the cells that proliferated and migrated 
into the injured site in this early phase were mainly of phagocytic nature. The 
collagen study signified that the collagen synthesis started in the middle of the first 
week and collagen fibers were formed initially in a random and disorganized pattern 
on the histological sections. From day 7 onwards the rate of synthesis was greater 
than the rate of the breakdown so resulting in a rise in collagen content. Fibroblasts 
were soon the predominant cell type. Shortly after the second week post injury, the 
rate of synthesis slowed down again and a more systematic pattern of collagen fibrils 
appeared to emerge on the histological sections. 
The significant interaction effect of the ANOVA results suggested that the 
treatment group had effect at certain interval of time. However the Dunnett test gave 
the result that only PEMF 15Hz at day 3 had marginal significance (p<0.1) over the 
control group in the collagen production. This may be due to the breakdown of 
sample size in the Dunnett test and resulted in a lesser level of significance. The 
overall trend for the collagen content in the control was lower than the other 
treatment groups and it got a relatively larger drop in collagen content than the 
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others. PMF 17Hz did demonstrate the highest collagen content as shown in Table 9 
and as its collagen content was consistently on the higher side, it may enhance the 
collagen production with exposure to PMF 17Hz. More basic research could be 
devoted to it to explore its potential application in the clinical aspect. Though PEMF 
46Hz showed a better collagen production throughout the study, the data does not 
confirm use clinically. The rate of initial degradation followed the trend in the 
control whereas the synthetic rate continued to increase from day 7 onwards till the 
end of the experiment, and that may imply its facilitation in the collagen production 
in the proliferative and repair phases. 
OttanpS found a significant increase in the wound contraction rate in rats 
treated with PMF 50Hz of triangular pulse having 8 m l peak intensity. The treated 
rats showed earlier cellular organization, collagen formation and maturation. 
However our study did not show any significant increase in collagen formation with 
PMF 50Hz of 4.95 mT intensity. Though the rate of degradation for PMF 50Hz was 
lower than that of the control group it was not statistically significant. The difference 
in the result may stem from the intensity setting. Jackson^^ did not discuss about his 
PEMF protocol in enhancing the collagen proliferation and it's difficult to compare 
with nis regime. Jolley39 used 15Hz modulation frequency of PEMF of pulse 
duration 200|as to increase the number of fibroblast. Farndale^ on the other hand 
demonstrated a reduction in collagen degradation with 230(as pulse of PMF 15Hz, It 
is interesting to note that our PEMF 15Hz did show a little fluctuation in the total 
collagen content. The rate of degradation for PEMF 15Hz in the early phase was 
significantly lower than that in the control. Yet the overall increase in collagen 
content was not significantly enhanced in the later period. It might be that PEMF 
15Hz slowed down the degradation as in Farndale's s t u d y 6 . 
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Lastly if the collagen content for each group at day 28 were compared with 
that at 2 hours post injury, it was found all the groups had slightly lower collagen 
content in the trend than that at the starting of the experiment. Though there was no 
statistical analysis done on this aspect, Graphs 9-10 could give some hints that they 
were not significantly different. As for comparison PMF groups demonstrated 
slightly superior results than PEMF groups in the final total collagen content. In 
conclusion the collagen content study helped to determine the end point of the 
experiment and a longer period is suggested if the reparative phase of tendon healing 
is to be studied. In our study the collagen synthetic rate began to slow down from 
the second week onwards, the parallel histological studies showed that they were 
simultaneously healing with the collagen fibers more aligned in the direction of 
stress. Since the remodeling and organization of the fiber architecture along the 
direction of force will increase the mechanical strength in the maturation, 
biomechanical studies, not to mention about the crosslinking and the collagen typing 




In 1960 Becker^ indicated in his study a relationship between the naturally 
occurring current of injury and the process of regenerative healing. Since then 
electric current and / or electromagnetic fields were more commonly employed on 
soft tissues research. PEMF and PMF have wide clinical applications in soft tissue 
injuries. They had been successfully used for the treatment of ankle injuries^ 1，55，for 
relief of lowback pain56，in chronic refractory tendinit is^in enhancing peripheral 
circulation^^. On the contrary negative results were also documented in some 
studies, say in ankle sprains32，33 The diverse variations in treatment outcomes for 
various studies stem from too much variables ranging from a) the experimental 
factors, e.g. field intensity and uniformity and study design; b) subject variables, e.g. 
species sensitivity, size and sex; c) environmental effects, e.g. humidity and ambient 
temperature and d) other miscellaneous interventions etc. Hence there have been no 
optimal protocols established. In order to have a better control over the variables, 
animal studies were done. In vitro studies were included to better explore the effects 
of stimulus / stimuli over a well-controlled environment. Yet the seemingly 
confusing problem did not resolve. There were positive findings for tendon 
healing29 and collagen production7，38,39 Qn the other side, negative reports done 
by Zuiden28，Leaper37，and McGrath40 contradicted the picture. Moreover 
different researchers employed different parameters to study inflammation. 
Mizushima47 measured the physical dimension of the volume; Liburdy^^ found 
support by laboratory results; Zecca^ did haematochemical test; F r a n k 2 9 and 
Amiel76 approached the topic of tendon healing from histologic and biochemical 
aspect, Woo26,27 investigated the matter from the frame of biomechanics and 
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biochemistry and McWhorter^^ performed a histological and biomechanical study. 
Until recently M c W h o r t e r l S did a biomechanical test on rats, it was not only the 
Achilles tendon retrieved for testing, rather the Achilles tendon functional unit was 
excised and that covered the lower extremity below the tibiofemoral articulations. In 
our study male Spague-Dawley rats were chosen, which posed the problem for any 
biomechanical testing because of the small size of the rat's tendoachilles. The 
concept of the whole functional unit of the Achilles tendon was not considered in the 
study as this would entail a larger capacitor in PEMF delivery and systemic effect 
would complicate the picture more and no biomechanical testing of the tendon 
properties was performed. If this problem could be solved a more comprehensive 
picture on the field effect on tendon inflammation would be revealed. Nevertheless 
our animal model makes it possible to demonstrate the morphologic, biochemical 
and cellular responses in inflammation and the usefulness and application of PEMF 
and PMF on tendon inflammation were studied and these several parallel 
investigations were carried out to form an integrated model as in Ippolito^'s study. 
Another point to add is that if we really successfully employ the whole functional 
unit of Achilles tendon for biomechanical testing in the field therapy for tendon 
inflammation then the effect of PEMF / PMF could be used to compare with steroids 
as obtained in McWhorterlS study. 
One limitation of our study was that though the traumatized model / concept 
was adopted in s t u d i e s 18，19,97’ it did not simulate the tendoachilles injury in clinical 
situation which might cover a continuum from pure peritendinitis to total rupture. 
Basically Achilles tendinitis is an overuse syndrome. The term Achilles tendinitis in 
clinical situations usually refers to three distinct conditions. Our study did produce 
injury to the tendon itself, which was about 0.3 to 1 cm above the insertion into the 
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calcaneus ( 'true' Achilles tendinitis )，the other two common locations are the 
tendon - bone junction ( insertion tendinopathy ) and at the muscle tendon 
junction98. in researches the rats were usually placed at intervals on a motor-driven 
t r e a d m i l l 9 7 with an upward inclination to over-exercise the calf, there is however no 
up to date proper physical model for a well-defined and local injury to the Achilles 
tendon. Henceforth our study continued to employ the traumatized model for 
minimizing variances in studying tendoachilles inflammation by the field therapies. A 
biomedical approach for investigating the live model for PEMF / PMF on tendon 
inflammation was finally performed. 
Because of the nature of the injury which was a one-episode type and did not 
persist, results showed that all the sections terminated by resolution resulting in a 
healing tendon at the end of the experiment. Histological examinations illustrated 
that the initial events were mainly of vascular and cellular origin and this examination 
could provide precise information on the nature of tendon healing. Acute 
inflammatory features existed in the first week. Different groups had slightly various 
inflammatory pictures. To round up the previous results, at 2 hours post injury the 
water content study demonstrated that water content increased sharply within the 
first day after injury. Initially PMF 50Hz resulted in the least water accumulation and 
the seemingly lesser polymorphs in the extravascular component. It was clear that 
water content bore a direct relation to the wet weight of the tendon. Macrophages 
were rarely seen. Polymorphs began to accumulate and fibrin was seen trapping the 
unwanted materials. Liburdy^^ even demonstrated a fourfold increase of neutrophils 
that peaked three hours post exposure. The difference in result may be accounted for 
by the species difference and the differences in field intensity and other treatment 
protocol. 
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At day 1 post exposure / injury, water content continued to increase and 
polymorphs became the dominant cell type in the tissue sections. Macrophage 
population increased as well whereas the collagen study indicated that total collagen 
content dropped drastically. Occasionally there were calcifications detected in the 
sections, which might be present prior to the injury. There were few significant 
differences among the groups for the parameters studied. 
At day 3 the control group demonstrated seemingly a greater drop in 
collagen content than the other treatment groups, especially when the control was 
compared with either PMF 17Hz or PEMF 15Hz. The collagen content remained at 
the minimal level or had a slow rise for a short period of time. Afterwards there was 
more collagen deposition than degradation in all the groups and the total collagen 
began to climb up. PEMF 15Hz on the other hand demonstrated insignificant drop in 
collagen content in the early phase. This might be accountable by its potential effect 
on influencing the rate of degradation. Farndale study^ also reported such 
phenomenon with PEMF 15Hz. As for water content study PEMF 46Hz got a 
significantly higher water content at this period and the water content decreased 
afterwards. PMF 17Hz produced a marked transient increase in the macrophage 
population as compared to the control group and it had its peak macrophage counts 
at day 3 and this was about tenfold than its value at 2 hrs. post injury. Occasional 
lymphocytes and plasma cells were seen demarcating the transition from early to 
sub-acute phase of inflammation. 
At day 7 granulation tissue consisting of a dense population of macrophages, 
fibroblasts and neovasculature embedded in a loose matrix was seen in the 
histological sections. The vessels were irregularly distributed and the polymorphs 
had significantly dropped in numbers. The macrophage infiltrate among the groups 
95 
were not significantly different and the groups usually carried their peak macrophage 
counts in this period. By day 7 J o l l e y 3 9 also found no statistical significant 
difference for the number of macrophages. This was the only report mentioned about 
the statistical analysis for macrophage count by PEMF. However Ottani^^ found a 
significant histological decrease in the inflammatory cells by day 6 in the PMF 50Hz 
treated rats. As for our PMF 50Hz it also had a significantly lower water content 
than the control and PMF 17Hz produced consistent lower water content 
throughout. On the whole PMF 50Hz had quite satisfactory result in the suppression 
of extravascular edema up to this early stage. The collagen content for all the groups 
were increasing. 
At day 14，histologic sections showed that residual inflammatory cells were 
present, the sections were all undergoing healing. There was a marked advancement 
in fibroblastic proliferation. However the total collagen study showed that the rate of 
collagen synthesis began to slow down. Immunochemical study revealed a significant 
lower macrophage infiltrate against the control for PEMF 46 Hz. The interaction 
between the group and the day effect was shown. Water content was no longer a 
major issue for this period and the difference among the groups was not significant 
at all in our study. It was interesting to note that the rate of decrease in water 
content for PEMF 46 Hz in this period however was quite obvious as compared to 
its previous rate and Mizushima'^^ did produce a decrease in edema in day 14 by 
PMF 50 Hz as well. 
By day 28 which was the end point of the experiment there was no longer 
inflammation and the gross pictures of the tendons closely resembled that of the 
normal tendon. Macrophages were very occasionally seen. The collagen fibers 
became more aligned to the line of stress. Histological sections illustrated that fibril 
96 
alignment was actively processing. This stage was essential in the reparative phase of 
tendon healing. At day 28 the net collagen content, though increased in the trend, 
was not significantly higher than that at day 14 and it was relatively lower than that 
at the beginning for all the groups. Glassman did a s t u d y 9 9 i n 1986 employing a 
quasirectangular waveform 200|isec wide of 15Hz and 2 Gauss and he found no 
significant differences for the number of counted fibroblasts and wound contraction. 
As for our study all the parameters were normalizing at this stage and no significant 
results were obtained at this period when the treatment groups were compared with 
the control. Among the groups, the control had the highest water content at day 28 
in the trend, then in the descending order of PMF 50Hz, PEMF 15Hz, PEMF 46Hz 
and finally PMF 17Hz. When Graphs 5-7 were analyzed, our results showed that 
PEMF 46Hz produced a better suppression in edema formation in the chronic model 
whereas PMF 50Hz was least effective in chronic phase. Zecca^ commented that 
chronic inflammation was not inhibited by PMF treatments from his results and our 
results suggested that PEMF 46Hz might have potential value in the chronic model. 
Overall at this stage of observations, the collagen content was highest in the 
order of PMF 17Hz; PEMF 46Hz; 15Hz; PMF 50Hz and the control, yet this was 
not significant at 5% level of significance by Dunnett test. The water content was in 
the ascending order of PMF 50Hz; 17Hz; PEMF 15Hz; 46Hz and the control. If the 
first data series for the 2 hours post injury were eliminated, PMF 17Hz demonstrated 
a significant result (p<0.05) against the controlin the overall means of the water 
content. When macrophage infiltrate was considered, the insignificant results 
revealed a descending trend of PMF 50Hz; 17Hz; control; PEMF 46Hz and 15Hz 
respectively. 
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Time and the interaction variables were the dominant factors in all the 
studies. Time, of course, participates in the healing process which improves with the 
natural history and that is the characteristics of the body mechanism in inflammation 
free of pathogens. Group factor contributed significantly to the water content only. 
However the significant interaction suggested the clinical usage of the field therapy 
in the application of tendon inflammation and optimal treatment parameters must be 
chosen because different frequency may act selectively for different periods, i.e. 
certain groups had contributed significantly at certain interval of time. The 
application of the Dunnett pairwise comparison test helped to differentiate the effect 
of the treatment groups from the control. However due to the grouping of the study 
design, the total sample size was subdivided into thirty subgroups, this breakdown of 
the samples would make those marginally significant cases to be insignificant in the 
Dunnett test. So that 's why the trend for different parameters in each treatment 
groups was described in detail. The interaction effect could partly and, possibly, be 
accounted for by the phenomenon of 'intensity w i n d o w ' 1 0 0， t h e condition in which a 
specific result was found only when the dependent variable was within certain well-
characterized narrow ranges of values. Windows are not new to biology and the 
existence of competing processes could result in a window. Judging from the 
significant interaction results, it was assumed that different frequency settings acted 
selectively and contributed differently to the treatment outcomes. The proper 
accumulated dosage received by the tissues at certain period would then result in 
optimal treatment outcomes. 
Further to the results of our study, different frequency combinations could be 
tried to find out the optimal settings for treating tendon inflammation, i.e. one may 
change the modality and the field settings accordingly and the facts for consideration 
cover the nature, severity and the chronicity of the injury and target specificity etc. 
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G l a s s m a n 9 9 also suggested that different waveform characteristics were needed to 
provoke a response in soft tissue. Since the water content study implicated the effect 
of PMF 50Hz in treatment of acute model whereas PEMF 46Hz in chronic model. 
This frequency combination is suggested to treat inflammatory edema, say PMF 
50Hz in the first 7 day and followed by PEMF 46Hz thereafter till the fourth week. 
As for the collagen study PEMF 15Hz seemed to decrease the collagen degradation 
whereas PEMF 46Hz showed a better production in the later phase in the trend, 
hence PEMF 15Hz may be used for the first 3 to 7 days and followed by PEMF 
46Hz till the fourth week of the treatment. When macrophage mobilization is 
considered, PMF groups either 17Hz or 50Hz showed an increase in macrophage 
infiltrate in the trend and they may be tried to activate the specific immune responses 
of the body. On the contrary PEMF groups especially 15Hz decreased the 
macrophage populations and PEMFs may have relevance to immunocompetency of 
cell-mediated immunity as seen in hypersensitivity reactions. When only one 
frequency is recommended for treatment of tendon inflammation, PMF 17Hz is 
highly suggested because it produced quite consistent trend in enhancing collagen 
production, in suppressing edema formation and in mobilizing the macrophage 
population. The histological pictures of PMF 17Hz also supported its application in 
tendon inflammation. It was the group which demonstrated a superior trend in the 
overall healing for tendon inflammation. BentalllOl in his study proposed that pulsed 
radiofrequency energy accelerated wound healing by reducing edema which would 
otherwise inhibit the healing process. Radiofrequency might prevent the 
disaggregation of the mucopolysaccharides (GAGs) of ground substance which were 
the main charge-bearing constituents. In this way the polysaccharide increased its 
fluidity and the fluid exudate and free red blood cells from the damaged capillaries 
would be less able to spread from the initial site of injury. Since PMF 17Hz 
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significantly reduced the edema formation, it may be this reason that enhanced the 
overall healing for tendon inflammation in our study. 
Before confirmation for the above hypothesis, experiments have to be carried 
out to verify the hypothesis. For example in the collagen synthesis the collagen 
content per unit mass of healing tissue slowed down in the second week onwards, 
the late inflammatory phase could be investigated by studying the crosslinking on top 
of the total collagen study. This is based on the assumption that after an adequate 
amount of collagen is deposited, progressive crosslinking of the newly deposited 
collagen proceeds. The strength of the healing tendon thus increases when collagen 
is stabilized by crosslinking and the fibrils are assembled into fibers. More 
assessments by specific biochemical and metabolic turnover techniques would be 
necessary to identify the actual mechanisms of change. As for the edema control, 
another five experiments could be set up. In the first experiment, the tendon is being 
treated with the best combination of the frequency, say PMF 50Hz followed by 
PEMF 46Hz in controlling edema. The second experiment consisted of frequencies 
which are postulated to be the worst combination, say PEMF 46Hz followed by 
PMF 50Hz. The other three experiments are the control, the PMF 50Hz and PEMF 
46Hz alone in treating edema. The results of the experiments are then analyzed and 
compared statistically with a well-controlled study of adequate sample size. 
Considering all these points will facilitate our study on tendon inflammation by 
PEMF / PMF. Nevertheless it's difficult to differentiate between the electric and 
magnetic effects. Liburdy^^ indicated the induced electric field, in contradistinction 
to the magnetic field itself, was responsible for the field effect and they identified the 
electric field as the biological relevant metric. Future studies to separate the two 
simultaneous fields, the electric field and the magnetic field, will help to elucidate the 
operating mechanisms in soft tissue injuries. 
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The relation of macrophage to PEMF / PMF has rarely been documented. 
Our results showed only marginal effects on the macrophage infiltrate. It is known 
that the macrophage has a key role in directing and communicating essential 
information to lymphocytes. Its activity can be regulated and interlinked to that of 
lymphocyte and studies 102，103 showed that mitogen-activated cells undergoing 
calcium signaling exhibit a field response to PEMF / PMF. Hence further 
investigations are required to explore the topic and this may have important 
relevance for the pathophysiology in the immune system. Another point for 
consideration of PEMF / PMF was the enhancement of neovascularization. A blood 
supply inadequate for the high metabolic needs of granulation tissue will hamper 
healing. Functions performed by a variety of inflammatory cells and the regeneration 
process located in the inflamed area highly require nutrients and oxygen. Hence the 
ingrowth of new vessels or the revascularization process is essential and if PEMF / 
PMF affect the process their rehabilitative potential is greatly improved. Both 
Ottani38 and Patton^^ found an earlier appearance of newly formed vascular 
networks, Lin and associates 104 in his ligamentous study demonstrated an earlier 
increase in capillaries and fibroblasts and more matured, prominent longitudinal 
orientation of collagen fibers in PEMF groups. The exposure condition employed by 
Lin was 50G, lOHz, 25ms pulse width and it is comparable to our 49.5G, 20ms in 
PMF groups. Histologically our study also revealed a better alignment for the 
collagen fibers for PMF 17Hz and PEMF 46Hz groups than the control whereas the 
capillary ingrowth was not significantly changed. In Patton s t u d y ^ 2 a quantitative 
demonstration of the endothelial cells by tritiated thymidine incorporation was done 
and it is worthwhile to try in future study because angiogenesis does give hints on 
the mechanism of soft tissue healing. A proper circulatory supply will ensure a 
continuing nutrition of damaged tissue and facilitate effective repair. 
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It is justified to have the histologic, morphometric and biochemical 
parameters examined in our study because they are complementary to each other. 
However a comparison could be made between the results of this study and those 
normal unoperated tendons. Though the histological sections could give profile on 
the relative inflammatory pictures, the comparison between the normal and the 
treated groups could better help determine the end-point of the study. A comparison 
of the return of collagen and water content, macrophage infiltrate and the histologic 
maturity toward normal unoperated tendons will provide another evidence for the 
effectiveness of the field therapy in tendon inflammation. As mentioned before our 
study focused on the effect of PEMF / PMF on inflammation, the results of the study 
confirmed that the end-point was adequately set as the sections were all in the 
reparative phase. If the maturation picture of tendon healing is to be covered a 
longer period say minimally 12 weeks is suggested. The fundamental interactions 
and biological mechanisms can then be investigated. Nonetheless one has to bear in 
mind that extrapolation of animal studies to human exposure conditions is different. 
These laboratory studies have the advantages of having large sample size and easily 
controlled environmental variables but some form of scaling must be applied before 
comparisons between species are made. The specific absorption rate has to be 
considered and scaling is based on body size of the exposed subject. According to 
A n d e r s o n 103 the scaling factor between magnetic field of a human and a rat is 
roughly 5.4 to 1 and this provides a gross guideline for the intensity used in our 
study to extrapolate to humans for future treatments. Because of the complex 
dependence on so much exposure conditions, it is very difficult to have a parallel and 
objective comparison between heterogeneous studies and systemic effects may be 
induced in the studies, so it should be extremely careful when the results of such 
animal studies are extrapolated to human exposure conditions. 
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CHAPTER EIGHT 
SUMMARY AND CONCLUSIONS 
When inflammation occurs, it is followed by a complex series of events 
resulting in cellular and vascular alterations. The effects of electromagnetic and 
magnetic fields at the cellular levels and on the healing process of tendon 
inflammation in the initial four weeks of healing of the rat Achilles tendon were 
studied. In the study it was hypothesized that tendon inflammatory process will be 
modified and enhanced by pulsed electromagnetic or the magnetic field. In order to 
test the hypothesis the following parameters were studied : they were the 
histological assessment and the immunochemical staining of the tissue sections. 
Morphometric counting of the inflammatory cell --- macrophage was analyzed. 
Further the biochemical assessments of the total water content and the total collagen 
content were investigated. Male Sprague-Dawley rats weighing approximately 500 
grams were chosen with their tendoachilles injured by a falling weight of 98.24 gram 
from a height of 35 cm. High peak PEMFs were generated by a •Curapuls 419' 
machine of 27.12MHz of wavelength 11 meter. Modulation frequencies of 46Hz and 
15Hz were used. Each PEMFs pulse lasted for 400 i^sec with peak output 1000 
Watt. A mean power of about 12.9 Watt and 3.6 Watt was chosen for 46Hz and 
15Hz respectively. PMF was given by a 'Magnetopulse TGS' machine generating a 
quasi-sinusoidal rectified waveform derived from the 50Hz mains frequency. PMF of 
17Hz signal which corresponded to actual 16.7Hz and 50Hz and intensity of 80 a.u. 
which equaled to 4.95 mT (49.5 Gauss) power output were chosen for comparison. 
Totally there were 5 groups named as the control, 46Hz and 15Hz groups of PEMF 
and 50Hz and 17Hz groups of PMF. The animals had 15 minutes treatment per 
session, five times a week treatment and for intervals of up to 4 weeks accordingly. 
Each group of the rats was sacrificed at randomly assigned periods, i.e. 2 hours post 
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exposure on operation day, dayl, day3, day7, dayl4 or day28 post exposure / injury. 
Each group had 30-36 rats and each period had 5-6 rats in the study. 
Two-way ANOVA results showed that both time and time-frequency 
interaction were dominant and significant factors (p<0.05) in influencing the above 
parameters, the treatment frequency was a significant determinant (p<0.05) for the 
water content and insignificant for the macrophage infiltrate and the collagen content 
assay (p>0.05). The significant interaction variable suggested the clinical usage of 
field therapy on tendon inflammation as different frequency contributed differentially 
at different period of time. The application of Dunnett pairwise comparison test for 
the parameters however was not significant (p>0.05) against the control for all the 
treatment groups. It might be the small size of each subgroups that affected the 
results and the strength of the analysis was greatly reduced. If the first data series for 
the first 2 hrs. post exposure / injury was eliminated, PMF 17Hz demonstrated a 
significant effect (p<0.05) for the water content parameter in the overall means. 
Though not conclusive enough, it was the group which produced quite consistent 
result in enhancing collagen production, in suppressing edema formation and in 
mobilizing the macrophage population in the trend. 
Overall the following trend was observed for all the groups. In the initial 
phase up to day 3-7 post injury, the water content and the macrophage population 
were increasing whilst the collagen content decreased simultaneously. From day 7 
onwards the total collagen content increased whilst the water content and the 
macrophage infiltrate dropped. This trend was continued and carried over till the end 
point of the experiment. At the end point of the study period, there was no longer 
inflammation and the sections were normalizing. Though not statistically significant, 
the control group was found to be the least effective group in the trend in 
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inflammation resolution and in enhancing the recovery of the injured tendons. With 
our experimental protocol the result does not confirm clinical use of field therapy in 
tendon inflammation. A more cautious approach is needed when it is attempted to 
extrapolate results from this animal investigation to human clinical situations. 
Nevertheless the study flows some insights / implications on the application 
of PMF and PEMF on tendon inflammation and certain frequencies could have 
different and selective emphasis on certain fields, in turn the study may help to define 
lines for research interest: the matter of acute edema may be tackled by PMF 50Hz; 
PEMF 46Hz is recommended for fiiture research in sub-acute and late inflammation; 
PMF 17Hz may be utilized in tendon inflammation and healing process and PEMF 
15Hz could be considered for decreasing collagen degradation in future study. 
Furthermore different frequency combinations could be tried accordingly to the 
nature, severity and phase of tendon inflammation. Among the extensive work 
performed by various researchers, we are then part way towards knowing the route 
by which PEMF / PMF reinforce the regenerative capabilities of injured tissue as 
well as part way towards the selection of the optimal stimulation method among the 
published protocols. 
The clinical challenge is to enhance the regenerative potential of tendon 
healing. The alternative treatment of non-invasive application of PEMF and PMF 
may still be tried. Both a qualitative (say differential changes in cellular population as 
reflected by histology or remodeling study in late inflammation) and quantitative 
(say the total water content and the total collagen content in biochemical 
assessment) change will reflect a more comprehensive picture for tendon 
inflammation and the healing process in the study. 
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APPENDIX C ； Immunochemical Staining Reagents Preparations 
A) EHRLICH ALUM HAEMATOXYLIN 
Haematoxylin 6 g 
Absolute alcohol 300 ml 
Potassium aluminium sulphate 40 g 
Distilled water 300 ml 
Glycerol 300 ml 
Glacial acetic acid 30 ml 
Sodium iodate 1.2 g 
Dissolve haematoxylin in absolute alcohol. 
Dissolve potassium aluminium sulphate in 200 ml distilled water ( heat is necessary ). 
Dissolve sodium iodate in 100ml distilled H20. 
Add the above 3 components together & shake. 
Then add glycerol & acetic acid respectively. 
Filter for use. 
N.B. 
• Sodium iodate: produce instant oxidation but stability of solution is affected. 
Must add prior addition of acetic acid. 
• Glycerol: reduce evaporation and retard staining rate. 
• Acetic acid: enhance nuclear staining. 
B) Mayer's Haematoxylin 
Haematoxylin 1 g 
Distilled water 1000 cm^ 
Potassium alum 50 g 
Citric acid 1 g 
Chloral hydrate 50 g 
Sodium iodate 0.2 g 
It is useful as a progressive stain especially in situations where a nuclear 
counterstain is required to emphasize a cytoplasmic component which has been 
demonstrated by a special stain, and where the acid alcohol differentiation might 
destroy or decolour the stained cytoplasmic component. 
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APPENDIX B ； Staining procedures for H & E 
The following steps were done for standard H & E staining : 
Xylene 3 minutes 
Xylene 3 minutes 
Absolute ethyl alcohol 2 minutes 
95% ethyl alcohol 2 minutes 
85% ethyl alcohol 2 minutes 
70% ethyl alcohol 2 minutes 
Rinse in running water 1 minute 
Haematoxylin 4-8 minutes 
Rinse in running water 1 minutes 
Scott's water 1 minute 
Rinse in running water 30 seconds 
Eosin 0.5-2 minutes 
Rinse in running water 1 minute 
70% ethyl alcohol 2 minutes 
85% ethyl alcohol 2 minutes 
95% ethyl alcohol 2 minutes 
Absolute ethyl alcohol 2 minutes 
Absolute ethyl alcohol 2 minutes 
Xylene 3 minutes 
Xylene 3 minutes 
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APPENDIX C ； Immunochemical Staining Reagents Preparations 
1. Primary antibody 
(Serotec,MCA 342), a monoclonal anti-rat macrophage : 
Isotype: IgG] 
Dilution made in PBS containing 5 %-10 % normal rat serum. 
Titrate for use : 1/70 




Distilled water 1000ml 
+/- 0.1% bovine serum albumin (crystalline grade) 
0.1% Triton 
0.05% NaN3 
2. StreptABComplex/HRP (Dako K377) 
To 5ml. 0.05M Tris/HCL, pH 7.6, add 1 drop of Streptavidin (*reagent A in 
Dako StreptABC kit), mix well. Then add 1 drop of Biotinylated Horseradish 
Peroxidase (reagent B in Dako StreptABC kit), mix thoroughly. 
The StreptABComplex at working dilution is stable for 3 days at 4^0. After 
final use, discard any remaining reagent and rinse the bottle tip thoroughly with 
distilled water. 
THE MIXTURE MUST BE PREPARED 30 MIN. BEFORE USE 
*Reagent A: Streptavidin in 0.0IM phosphate buffer 
0.15M NaCl, 15mMNaN3, pH 7.2. 
Reagent B: Biotinylated Horseradish Peroxidase in O.OIM phosphate 
buffer, 0.15M NaCl, 15mMNaN3, pH 7.2 
1 drop corresponds to approximately 45|j.L 
3. Biotinylated Rabbit Anti-Mouse Immunoglobulin 
(Dako E3 54) 
Solvent: O.OIM phosphate buffer，O.IM NaCl, 
15mMNaN3, pH7.2 
Concentration of specific antibodies : 1.6 g/L 
Dilution: 1/250 
Immunogen: Immunoglobulins, mainly IgG 
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4. Blocking reagent 
Methanol 49.5ml 
30% H2O2 0.5ml 
5. Tris buffer solution 
Stock: Tris 242g 
NaCl 360g 
Con.HCl 138ml 
Distilled water 4L 
Check pH.(l in 10 with distilled water) 
pH 7.6 +/- 0.05 is acceptable. 
Adjust pH with NaOH or conc. HCl. 
Working: stock 200ml 
distilled water 1800ml 
filter before use. 
6. DAB Solution 
Stock: 3,3'-Diaminobenzidine Tetrahydrochloride 1.25g 
0.05M TBS pH 7.6 50ml 
divide into aliquots of 1 ml.,store at 
Working: stock 1ml 
0.05M TBS pH 7.6 49ml 
30% H2O2 50ul 
Develop for 5-10 min. 
Prepare just before use. 
7. Trypsin Solution 
Stock: Trypsin (Difco, 1:250 ) 2.5 g 
0.05 M TBS, pH 7.6 50 ml 
Divide into aliquots of 1 ml.Store at -20 ^C 
Working: Dissolve 1 ml. of stock solution in 49 ml.0.05 M TBS, pH 7.6 
Add 0.05 gm. CaCl^. 
Prewarm at 37®C until use 
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APPENDIX D ； Staining Procedure For StreptABComplex / HRP 
(Paraffin-embedded tissue) 
1. Bring section to absolute alcohol. 
2. Incubate for 25 min with 3 % methanolic H2O2 to block endogenous 
peroxidase activities. 
3. Rinse with distilled water and place in TBS for 5 min. 
4. Incubate for 20 min with 5 % normal rabbit serum. 
5. Tape off serum and wipe away excess. 
6. Incubate for 45 min. with primary mouse anti-rat monoclonal antibody 
diluted optimally in TBS. 
7. Tape off liquid and place slide in TBS for 10 min. 
8. Incubate for approximate 30 min. with biotinylated rabbit anti-mouse 
immunoglobulin of 1/250 dilution. 
9. Tape off liquid and place slide in TBS for 10 min. 
10. Incubate for 45 min with preformed StreptABComplex/HRP. 
11. Tape off liquid and place slide in TBS for 10 min. 
12. Develop in DAB for 5-15 min., check microscopically. 
13. Rinse with distilled water. 
14. Dehydrate, clear and counterstain with Mayer's haematoxylin. 
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APPENDIX C ； Immunochemical Staining Reagents Preparations 
1. Hydroxy-proline standard: 
* stock :dissolve 25 mg vacuum dried L-HP in 250 ml of O.OOIN HCl 
(i.e. lOOpig/ml). 
Prepare daily for working solution. 
Prepare working solution of 0-5 |ig / 2ml of HP for standard in each assessment. 
2. Buffer 
* citric acid monohydrate 30 g 
glacial acetic acid 7.2 ml 
sodium acetate trihydrate 72 g 
sodium hydroxide 20.4 g 
add distilled water to 600 ml 
adjust pH to 6.0 
store in refrigerator under toluene 
3. Chloramine T ( sodium p-Toluenesulfonchloramide )，0.05 M 
* chloramine T 1.41 g 
distilled water 20 ml 
methyl Cellosolve 30 ml 
buffer 50 ml 
prepared fresh daily 
store in glass-stoppered flask 
4. Perchloric acid, 3.15 M 
* 70 % perchloric acid 27 ml 
dilute with distilled water to 100 ml 
5. p-Dimethylaminobenzaldehyde, 20 % solution 
* p-Dimethylaminobenzaldehyde 20 g 
add methyl Cellosolve to 100 ml 
warm the solution at 60^C to enhance solubilization 
prepare shortly before use 
J 
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APPENDIX F : Hydrolysis method for tendon 
A) Sample Preparation 
* Divide each tendon into two roughly equal portions 
Each portions undergo same reaction to countercheck each other's reading 
Turn on the Reacti-Therm heating module 75 minutes beforehand to provide 
a thermally stable environment 
Unscrew Teflon plug from the 5ml vacuum hydrolysis tube 
Introduce sample( half portion ) into the buttom reservoir of the tube 
Add 1 ml 6N HCl to the tube 
Insert Teflon plug and leave a small passageway between the plug and the 
glass at the constricture point 
Remove the oxygen inside the tube by connecting the tube to a source of 
vacuum and a supply of nitrogen using 3-way stopcock 
Seal the unit by screwing the plug down 
Hydrolyze the sample for 3 hr. at 130OC with the heating module 
After hydrolysis, cool the tubes to room temperature 
Carefully unscrew the plug and remove the hydrolyzate from the tube with a 
long 25mm Pasteur pipette 
Wash tube thoroughly with water & combine washings with the hydrolyzate 
Add 2.4 ml of 2.5 N NaOH to neutralize the content 
Adjust with dilute HCl and NaOH to a pH 6-7 finally 
Ensure the assay does not exceed 0.4 M NaCl 
The total volume including the washings was carefully adjusted to 100ml 
with distilled water for final assay 
B) Method 
* Determine the standard curve first : 
Prepare a series of standards containing 0-5 ug hydroxyproline in 2ml 
Add 1 ml chloramine T to each tube sequentially to oxidize hydroxyproline 
Shake the contents and stand for 20 min at room temp. 
Add 1 ml perchloric acid to each tube in same order to destroy chloramine T 
Mix the content and stand for 5 min 
Add 1 ml p-dimethylaminobenzaldehyde and shake till no schlieren seen 
Place the tubes in 60^0 water bath for 20 min 
Cool the tubes in tap water for 5 min 
Determine the absorbancy of the solutions spectrophotometrically at 557 m |LI 
N.B. developed color is stable for at least 1 hr. 
* For estimating samples : 
Place 2ml portions of prepared sample containing 1-5 ug hydroxyproline in 
16 X 150mm test tubes 
Repeat the above procedures for standard curve production 
Determine the absorbancies using Gilford spectrophotometer, each sample 
was read three times 
Determine the percentage of hydroxyproline from the standard curve 
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APPENDIX H ； Determination of optimal hours for collagen hydrolysis 
As W o e s s n e r 9 3 and SL-Y Woo26，27 carried out tendon hydrolysis at nO^C 
for 3 hours, it formed a basis for consideration for the duration of collagen 
hydrolysis in the study. Considering other s t u d i e s 9 2 ， 9 the following hours of 
hydrolysis (3，8, 24) were tried in a pilot study to find out the most practical and 
optimal duration for doing the hydrolysis in the study. Only three options were tried 
in a time because of the small size of the tendon. 
The first part of the pilot was done to determine the optimal hour for 
hydrolysis. The tendoachilles of a normal male Sprague-Dawley weighing about 500 
gm. was retrieved and divided into three equal portions. The dried weights were 
obtained and recorded. Same hydrolysis method was carried out as in Appendix F. 
Results for UO^C were as follows and the readings were read from standard curve: 
Hydrolysis hr. Wt.(mg) Av.Abs. Av.Conc(ug) Conc/wt.(ug/mg) 
3 5.1 0.190 2.581 0.506 
8 5.0 0.184 2.493 0.499 
24 5.2 0.192 2.610 0.502 
Standard curve readings : Conc.(ug) Av.Abs. R = 0.999 
1 0.077 m = 0.0717 
2 0.152 b = 0.0049 
3 0.216 error = 0.006 
4 0.286 
5 0.369 
Looking at the results, it was decided to carry out the hydrolysis at ISO^C 
for 3 hours which was more practical and adequate for my work. This remained as 
the same regime as in Woessner^^ and SL-Y Woo26,27 
The second part of the pilot tried to examine that whether the hydrolysis 
would degrade the protein content and in what rate it was. Since the hydrolysis was 
chosen to be 3 hrs. only, the hours for consideration in this part were 8, 6，3 and at 0 
hr to cover a longer period. A known concentration of hydroxyproline (conc =3.33 
|ig) was gone through the same hydrolysis procedure and its value was obtained as 
belows : Hydrolysis hr. Av.Abs. Av.Conc.(from recovery) 
8 0.251 3.320 
6 0.261 3.471 
3 0.25 3.305 
0 0.254 3.363 
Standard curve readings : Conc.(jag) Abs. 
1 0.202 R= 0.999 
2 0.278 m= 0.0698 
4 0.423 b= 0.1359 
5 0.478 error= 0.008 
As the 'recovery' from the hydrolysis method was quite agreeable with the 
original concentration, so it 's reliable and practical to perform the hydrolysis at 3 
hours for UO^C. 
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